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JF OUR laudable Ambition of becoming 
1 early acquainted with Nautical Know- 
ledge, induced me to place under your Royal 1 

Protection, this Edition of Practical Navi- 

gation; containing, in a ſmall Compaſs, the 
Eſſentials of every uſeful Diſcovery and im- 
provement W 


; Es 
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The favourable Reception of my former 
Attempts, not only in the Navy, but alſo 
in our Univerſities and Schools, encouraged 
me to publiſh this new and much improved 
Edition of my Work, under the Patronage 
of a Prince, who, diſdaining the Dangers 
of the Sea, and ſofter Amuſements. of Life, 
has ſo nobly embarked in Defence of his 
Country, and whoſe beneficent and gene- 
rous Diſpoſition renders him dear to every | 
Seaman, | ä 
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FH your Royal Highneſs may long live, 
not only to be an Ornament, but a Defence 
to this Nation; and that your noble Actions 
may be handed down to the lateſt Poſterity, 
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- 8 H ALL not amuſe the Reader with any pom- 
pous Eulogium on the Merits of this Performance, 
or endeavour, as is cuſtomary, to anticipate the pub- 
lic Favour by a Recital of Excellencies, which in 
the Opinion of ſome may be of a diſꝑutable Nature : 
Thus much I may venture to ſay, that the adding 
one to the Number of Treatiſes already extant will 
not appear ſuperfluous, when we conſider the. Impor- 
tance of the Subject, and the many recent Diſcove- 
ries and Improvements made in this valuable Art, 
which render many of the former Treatiſes in a a 
Manner obſolete. It muſt, therefore, be judged ab- 
ſolutely neceſſary to inſtruct the induſtrious Mariner 
in thoſe intereſting Particulars ſo conducive to his 
Advantage. On this Principle the following Pub- 
lication makes its Appearance, containing, in a 
ſmall Compaſs, the Eſſentials of every Thing hi- 
therto compoſed upon the Subject, laid down in 
ſuch a Manner as to render it not only a complete 
Companion for Seamen, but alſo-a ſhort and com- 
prehenſive Method for thoſe whoſe Province it is 
to inſtru others; for want of ſuch, Teachers have 


been often obliged to take Part from one Book, and 
Page from another. 
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P'REFACE. 


It mut be allowed, that many Books abesdy pub- 
liſhed upon Navigation have their particular Merits ; 
but ſome of them are ſo voluminous, that they either 
bewilder, or are beyond the Capacity of the greater 

Number of Learners, and moſt of them unfit for, 
general Uſe at Sea. Others, on the contrary, are 8 
: conciſe, eſpecially in the practical Part, as to de- 
prive them of that Knowledge which is abſolutely 
requiſite in keeping a Ship's Way. My Care, 
therefore, has been to avoid an unneceflary Pro- 
lixity, and an abſtruſe Brevity; and to lead the 
Pupil gradually on, without Embarraſſment or Per- 
plexity. How far it will anſwer the End intended, 
will, in fome Meaſure, be obvious to any judicious 


- Mariner, by taking a ſhort View of the Plan 8 


burſued. 
In the Geometrical win are oy” 
Problems which are abfolutely nece 
5 Art, in the moſt familiar Manner. © 
Trigonometry, being the Foundation (of Plane 
and Mercator's Sailing, is treated of at ſt 
— in which! is ſhewn how to lay 


i i 
\ - 
1 » 7 


—The Axioms are 8 rendered very 
though they are generally received as known 
yet their Demonſtrations are ſet down at the Bottom 
of the Page by way of Notes; and all the Caſes in 

Kight- angled Trigonometry worked by making each 
Sicke Radius and Gunter's Scale. 

u ͤsĩ an Introduction to Navigation, it was thought 

| - Proper to give a fhort Defcription of the Solar 8yſ- 
tem, wherein the Earth is conſidered, as a Planet 
moving round the Sun, the real and Imaginary 


5 Lines on x which are e defined. 
e 


Then follows Plane Sailing, e the Earth 


is ſuppoſed an extended Plane, and the ſeveral Caſes 


are worked by Geometry, Trigonometry, Gunter's 
Scale, and Inſpection, that the Learner may be able 
to prove his Work ſeveral Ways; and for his Exer- 
ciſe therein, are added ſix JING and tuo: in 
Traverſe Sailing. 

Plane Sailing being founded upon the falſe "I 
tion of the Earth's being a Plane, is therefore in- 
| ſufficient for aſcertaining the Ship's true Place; 

hence ariſes the Neceflity of working by Middle 
Latitude, or Mercator's Sailing, they being founded 
upon the true Notion of the Earth's being a Sphere 
or Globe; by which Means the Ship's Place is de- 
termined with Eaſe and Accuracy; in which is 


9 


comprized the Conſtruction and Uſe oy Mercator's 
Chart. 
The Application of Ge ge 
try to the Solution of the ſeveral Caſes of Oblique 
and Current Sailing, is treated in as conciſe and : 
intelligent a Manner as poſſible... _ 
The Application of what has been already treated 
of, to the grand Purpoſe of keeping a Ship's Recx- 
oning, comes next to be explained; preparatory to 
which it was thought proper to begin with a ſhort 
Diſſertation upon Winds and Tides, and to find 
the Time of the Moon's Age, and Time of High 
Water, which is here done by a Method more ac- 
curate than is generally to be met with. The Uſe 
of Hadley's Quadrant comes next, and how to find 
the Latichde by the Meridian Altitude of the Sun 
or Star, and the Variation of the Compaſs by an 
Amplitude, Azimuth, and equal Altitudes of the 
Sun, rendered plain to any common Capacity ; and 


—_—_ -- 


i and being duly attended to 


* A 
i 

0 
= = 


way, &c. with moſt of th 


PREFACE. 


and a Deſcription of the Log. and -Log-line, and 
how to corrett the Diſtance given by them hen 
Kaul . 

The Pupil is next led into the Rules Fs kee ping 


5 4 Journal at Sea; wherein are exhibited the Method. 5 


of allowing for Variation, Lee-way, Heave of the 
Sea, Setting of the Current, &c. and to correct the 
Dead Reckoning by an Obſervation in all Caſes, 
not only from the Ship's Run in one Day, but many; 
may be the Means of 

venting the fatal Accidents which ſo frequently 
befal thoſe Seamen who depend ſo much upon their 
own Self- ſufficiency. For it muſt be allowed, 
that any Obſervation or Correction made to help 
ment, muſt be preferable to a Gueſs, ich 
wo many of wen depend upon, though the 
Lives and Fortunes of ſo many are committed to 
© Wu Charge. | 

It was thought .proper firſt to ſhow how to work 
15 855 days Work independent of each other, and 
then a regular Journal from London to Madeira, 
and back again to England; wherein are exemplified 
the foregoing Rules for Variation, Lying- to, Lee- 
Occurrences that com- 
monly happen at Sea, or in Harbour, and the Ship' 8 
Way pricked off on Mercator's Chart. ; 

The Keeping a Sea Journal being fully treated of, 
as being neceflary for rendering the young Navigator 
expert, which a Number of dry Problems could 
never do, then is given the. Subſtance of that Exa- 
mination which every Candidate for a Commiſſion, 
either in the Navy or Eaſt India Service, muſt ne- 
3 pas ee 80 to bis * 

Toe 0 20M ſpecting 
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kelpecting the Management of a Ship, from her 
| Eck coming out of Dock to her clearing the Land; 
containing the Methods of mooring, unmooring, 
and working a Ship in all difficult Caſes, either in a 
Storm, on a Lee-ſhore, or going in or out of Har- 
bour. Theſe Inſtructions being duly attended to, 
when at Sea, will be the Means of improving a 
Youth mort in one Voyage than he otherwiſe would 
in two. To theſe are added Directions for failing 
up the Engliſh Chanriel, ſhewing the Dangers, and 
the beſt Marks to avoid them. The managing and 
Exerciſe of the great Guns, the Manner of forming 
the Line of Battle, and of Battle, and of an En- 
gagement at Sea. 8. Eu 8 
The next Thing judged neceſſary is the ſurveying 
of Sea Coaſts and Harbours, either by failing along 
them, or by Obſervations made on Shore; and 
how to meaſure acceſſible and inacceſſible Heights 
and Diſtances, which are here laid dowr in à plain 
Manner; with an Explanation of the Sea Terms. 
The foregoing Articles being well underſtood, 
might be thought ſufficient to complete the Navl- 
gator; but ſince there have been lately found Me- 
thods of aſcertaining the Ship's Place by celeſtial 
Obſervation, when the Meridian Altitude of the 
Sun or Star cannot be obtained; it therefore be- 
hoves every Seaman to make himſelf acquainted 


4 with ſo uſeful a Diſcovery, © * 
2 The firſt is the finding the Latitude, by taking 
1 two Altitudes of the Sun when near the Meridian; 
£ in performing which, Care has been here taken to 
ls . omit nothing that might facilitate the Operationg.jm Þ 
* this uſeful Problem; and how to find zh Latitude 
t by the Planets. W = 
8 The Latitude being found, there is only wanted 
che true Longitude for determining tlie Ship's _ 2 
| | | b For 


* 
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For notwithſtanding the Rules for finding the Lon- 


gitude, by having the true Latitude, are the moſt 
rational that could be given; yet, as they in ſome 
Meaſure depend upon the Ship's Run, they muſt 
- conſequently be liable to Errors; and therefore the 
Mariner may well be deſirous of ſome other 
Method that might be depended upon with more 
Certainty. 

The ente the Longitude by celeſtial Ob- 
ſervation ſo long defired, and now by the Accur 


of Mayer's Lunar Tables, the Excellence of Hadley's 


Quadrant, and the, Induſtry of Dr. Maſkelyne and 
others, is rendered practical, and without any great 


Trouble, may be conſidered as one of the greateſt | 


Improvements Navigation has ever received. 
The Rules here laid down for performing this 
important Operation are the moſt ſimple that could 


be given, and are illuſtrated by a ſufficient Number 


of Examples. 


As correct Tables, which this Book abounds 


with more than any other of the Kind, are of the 


greateſt Importance; beſides the Care taken in cor- 


recting the Preſs, they have been further examined 
and compared with ſeveral different Copies of the 


ſame Kind, by which Means many Errors in the 


Tables of Difference of Latitude and Departure have 
been corrected with ſuch Care, that they may be 


depended on, and the other Tables are as correct as 


any extant, 
By defire of ſeveral S belonging to the Royal 
Navy, I have added to this Edition, a Table of the 
Semi- diurnal, and Semi- nocturnal Arches, ſhe wing 
the Time of the Sun, Moon, and Star's ſetting, when 

they have North Declination, and the Time of their 
> "riſing when they have South Declination, and how 


to 
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to find the Latitude by the Planets, their Declina- 
tion and Time of paſſing over the Meridian being 
known by the Nautical Almanac. | 
In the Execution of this Work Care has been 3 
taken to keep in View not only the Mariner at Ss |} 
but alſo the Teacher in his School; and the beſt. 1 
nautical Writers, as well as the Obſervations and 
Remarks of ſeveral able Mariners, have been con- 
ſulted. The ſeveral Parts of this Work have been 
handled more or leſs fully according to their ap- 
parent practical Importance; and it is hoped. no- 
thing is omitted that is material either to the Teacher 
or actual Practitioner. „„ N 
Long and tedious Demonſtrations have been care- 
fully avoided, as being of little Uſe in the Practice 
of Navigation, and inconſiſtent with the Plan; but 
thoſe who are curious may find them in Robertſon, 
and ſome other Books which abound with them. 
Notwithſtanding the favourable Reception my 
Fourth Edition has met with from the Public, and 
its rapid Sale, yet on Account of its being now read # 
in our Univerſities and Schools, as well as in the 
Navy and Merehants Service; I have been induced 
to reviſe and correct the Whole, and with great 
Labour and Expence have added a new Table of 
the Latitude and Longitude of Places, the moſt 
correct now extant, with many other intereſting 
Articles, and made ſuch other Alterations, Amend- 
ments and Additions, as render this almoſt an entire 


al new Work. WY 
he Having thus given ſome Account of the Plan, 


ng which is intended to facilitate the Improvement f 
en Youth in nautical Knowledge, and be an uſeful 
eir Companion for Seamen; how far I have ſucceeded 
o in the Attempt is left to the candid Judgment of 


the Public to determine. 
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' GENTLEMEN deſigned bot, or « belonging to he 
Sea, are taught Navigation, the new Method of 
finding the Latitude by two Altitudes, and of 
finding the Longitude by the Moon's Diſtance 
from the Sun, or a fixed Star; with the Uſe of 
the Inſtruments, Globes and Charts in a few 
Weeks; likewiſe Menſuration, Surveying, Gang: 
ing, Gunnery, e ee, Kc. p 
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GEOMETRY. e 
GE is that Selene by which. x we Sende 


ſuch Quantities together as have Extenſion, 1. e. Lines, 
— and Solids, whoſe Original is from a Point. 


I. p 
A Point hack no Parts; that is, a Geomereieal point is 
not any Quantity, but only an N 9 in any As. 
Quantity denoted by a Point, as at A. + 


© Such a Place may be conceived ſo infinitely 1 as to 1 
void of Length, Breadth, and bes ae * 'herefors a Point * 
© may be ſaid to have no Parts.” 5 


2 


88 0r" 
A Rindt Line is the neareſt Diſtance h veen 
Points, which n! its Length, 4, A B. 5 1 | 


III. 


AV. 
Parallel Lines are thoſe that are equally diſtant in Ph 
all their Parts, which being infiaitely extended on che. 
| ie Plane, will never meet, 


Circular Lines are thoſe which lie * r Two Points e 


bother, the Angle is ſaid to be greater or leſs, 
le be long or ſhort. 
les included between Right Lines, are Tala Right-linee. 
_ Angles; and fall under theſe three B e viz. A Right: p 
Angle, an Obtuſe * and an Acute Angle. | 


N 


— 


* 9 
x 


* 
- 
: 
Fs > 
7 U 
# 4 
4 +6 
wy 
* . 
” ; « 2 


1 .cumference, or Peri phery. 


: Py 
7 .. tht 


>» 


Angle; 


2 Right Angle, 


4 8 
Lines not calle; but inclining towards each 
other, whether they are right Lines or circular, + 
will, if they are extended, meet; and make an A 
the Point where they meet is called 
the Angular Point, as at A; and, according as 
ſuch Lines ſtand nearer or farther off each 


'whether the Lines that include the An 
All 


Wi 


two Lines * 4 meet wa other Da 
DSC meets AB. 0 dt — 


2 


* * 


vil. 

An Obtuſe Angle is that which isg 
greater than a Right Angle, ſuch as 
the Angle-included between the Lines 
AC and CB. 


- 


" 5 vm. 
An Acute Angle is that which is leſs than 
Tack as the Angle included, 
between the Lines CB and CD; thels.” 
| Angles are called Oblique Anihles, - 


. ; 
A Circle is a perfect round Figure; the 
Point C, in che Middle, is the Centre, and 
is bounded by a round Line, called i its Cir- 


— 


. A Ri ” Line, An hc be 7 * 
to the Circumference, is called the Radius; 
or it is the n in the are 125 


* 
r 


GEOMETRY, 


VI. D 
A Right An gle i is 55 which is included between | 


C 


— 


GEOMETRY. . 


© © Nor. The Radius, genera ly uſe in deſcribing c 
o* (taken from the Line. of ords) ; the Nr of 
s ich will contain 360?, the Number of equal Parts or Degrees 
© that all Circles are Uppoſe d to be divided in oy and each of theſe 
Degrees are divided into 60 equal Parts, called Minutes, | 
All Angles are meaſured by an Arch of the Circle, deſcribed | 
upon the c Angular Point as a Centre, with the Chord of 60?, as 
* en a An ge is {aid to be greater or leſs, according 3 
© the Number of Degrees contained between the Tecs ; Vit" the 
© Sides or Legs are meaſured b * ef equal Parts.” | 
The Diameter is twice its K heiden dn into 8 Right Line | 


drawn through the Centre, which alvides | itcle int two | 
equal Parts called Semi- circles. ä 4 
4 uadrant is Half a Semi- ircle. Y 
rd Line is a Right Line that cuts the circle i into tun une- 7 


* Parts called Segments. 
A Sector is a Figure included between two Radius! 85 and 1. leſs 
than a Quadrant. 
All Plain Triangles are Figures eomprehended under three Ri ht 
Lines, + are diſtinguiſhed into three Sorts; vi. A Right. ed 
gle 


1 an Obtuſe-angle Triangle, and an Acute-angled ri- 
ang e. 
5 X. 4 | 2 
A Right-angled Triangle is that which | 74 Ds 


hath one of its Legs perpendicular to the 
other, and is equal to a Quadrant or go", | 
as B AC; the longeſt Side of which is 
called the Hypothenuſe, as B C, and the . 
other two 81858 are called 2 579 een 


An Obtuſe-angled Tring is that 2 
hsth one of its ngles, renter. * 
Angle, b Jag 10? 


* 


An Ak led Ta angle is that which 


hath all its Angles leſs 3 a Right Angle, G 
# GHI, 


* 
4 4 _ 
. 


2 Ak * 


be Three Angles of every T Nl are 1205 to a Semi-circls, 
or 180: the two Acute as of, N TIT: T. 


are enen to 90%, 
| XIV. 
Sides or Angles thi are marked with a Daſh; LY when 
require, me A ATT | 
los oh thr e * 
are s marked with a er over m, and 
| OP with a 28 n et ; = 


Three Letters denote an Angle; the Middle one. hows the An- 
gular 2 and the other "my the Sides that incloſe it. 


| | 3 my after any „Naber ſignifies i Degrees 2 thas 4 25d 
15 | ok is 25 nn, _— 25m is 25 Minutes. 


„DUX 


bad 
O 


*- of 


Co. Ar. | 


. 


i 5 Sine 


6 75 Tangent Complemett or Co-Tangent 


6M rA *. 


XIII. 2 : 


XVI. | 


XVII, 


Minutes 25m 


E * 
+3 


Multiplication Mus 
Equal to 
Diviſion 

Triangle 2k ©: 


Sine Complement or Co-Ging 
Tangent 


þ 
8 


Secant cn 

f Secant Complement or Set 5 
omplement Arithmetic 

is to, or to the 


10 is, as thus, 2. 4: 4.6 | 


un $104, bh; Ss 


Wh As = my 


your Com 2455 _ one Foot in C de- 


N required. 


- s n * — . * KS : 
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* PROBLEM ge ent 


_ 


To draw a Lint parallel to a given Line A- B, at any given Diflance as C. 
1 * | AKE ( with a Pair of Compaſſes) the _D__ © 


nn between the given Lo New 8 2 


Point wk and the Line AB. | 8 


With that . and one Foot of the 7 — e 705 | 
int C lieth) the 


SS” War 


F 


PROBLEM I 


4 as 
. £ 1 | 4 
% * 4 
% * 


Ts biſeft or ue a givin Fas ing equal Parts. 


With any Diſtance ( greater than 
Half the 7 Line AB), and one 
Foot of the Compaſles on A, deſcride 
the Arch CD; with the fame a 
tance and one F oot on B, croſs the. A. 
former Arch in C and D; by C and 
D draw a Line, and that will cut AB 


in E the Middle, as was required, 
0 z PROBLEM III. 41 EE: 


To ereft a Perpendicular on the End of a given Line as A G. 8 
With any Diſtance, as from A to C in R. I. 
% 4 


— f 1 


* 


ſcribe a Circle, ſo that it may juſt touch 
the End of the given Line in A; from 
where that cuts the Line at G, and through 
© draw a Line to cut the Circle in B, from 
B draw the Line A B, which will be the 


„„ 
* . 


— 


we 1 8 FE | 2 
* — * R 5 9 
q ” « A . SES 


” „ 
. A , there. os b nl3 Mtr es: i FR 


W_— 
=> * n — 


- 
— 


5 — in- E deſcribe an Arch, and with the 


Tris an Arch; and with the ſame Radius, 14 
*the former in D, from D to 


- «it is done; for the Angle BAC 1s 2 


Chords, and lay it upon the Arch frem D to 


On With any convenient Di "Wo in your _ © 5 
aſſes deſcribe an Arch, as FB, ſet off WK Tx 
. Diſtance from B th E, With 686 5 . 


ſame Diſtance, and one Foot in F, deſcribe 
an Arch to cut the former Arch.in C. from 
C to A draw a To and it is done, 


LA 


* PROBLEM: N nan 9 ms oP; 


12 be- nun. verena 


With one Foot in C deſcribe an Arch t to cat 
0 wen Line in A B, with one Foot in B de- 
and one Foot in A, deſcribe zn Arch to cut . 
draw a Line, 
and it is done; for Ce is n W 

AB, as was WI P | 


. 
Gs 2 


9 


3% 1 PETIA 


95 | . make big... 


At Wwe in the Line A B, to make a Right 91. 5 vis 85 
Angle, erect the Perpendicular A C, wh, 15 200 5d 
; b . n > 


"ods my, * 90 Peres. 


2 
8 4 


Ks make an Angle equal to any Number of gn, | 


Draw the Line AB, and take JR Chord J d 
of 60? from the Scale in your Compaſſes, and „ 
with one Foot in A deſeribe the Arch DE to | 

cut the Line AB in D; take any Number 7 


Degrees, ſuppoſe 42 3% from the Line of * — 75 5 'B 


Ez; by A and E draw the Line AE C, and it is e * 
_ B Lk is an Acute _ contgining 425 3. 


$ 9 
- 1 2 * 1 Eg 4542 7 44” 6 $3 EF 45 3 


GEOMETRICAL PROBLEMS 8 
To make an Obruſe dag equal to 102? 201. 0 F i 


Pra the Line B C. and upon B deferibe. an 
Arch as before, with a Chord of 60?, to cut B 
in E, ofi that Arch ſet off K G equal to 90“ 
from G ſet off 125 200 towards F: 15 B and 3 
_ the Line BF D, and it is E for the 

Angle « CBD. is an Obtuſe ng W 
102 200 n 5 B * 


In like manner an Angle may be made, which tal Feats ang Ty 


Number of Degrees required. 


on 


The os an eee of a Right-angled b given ts 4. 2 
— , Aitber of the Legs, eee 8 


Given the H 8 121 Leagues, the Angle oppoſite to. the- 
Baſe 54* 30% _ onnſequently £ the other n 35 1 9 1 3 the gi 
and Perpendicular are required. | 

Draw the Lines C B, and at * Y 4 
C make an Angle e ual to 35? te 
30', by drawing the, ine CA. : : 
take 121 Leagues in you Com- 
pu * any convenient 

cale of equal Parts) and ſet 4: 
that off from C to A, from A O 
let fall the Perpendicular A B, C EE] 
to cut the Line CB, and it is 
done; for AB being meaſured ve 3k 
on the quired, Scale, WAY ” 70:25 Leagues, and C B 98.8, ak WAs 
required. e Gs A 5 Lo 


PROBLEM VII. 


The 5 and one «as a ee led Triangl- teln fur a i =. 
find the FA [ypothenuſe a ad other the 5 * 


The Ange A CB 15 the * BC 2 Mi T to ; 
find the Hypothenuſe 4 the other leg A B. 7 gi 8 1 
: N 8 | & Draw . ; ; | —_ 


| GEOMETRICAL PROBLEMS. 


Draus the Baſe BC equal to A. 
274, upon B erect the Perpendi- | 
cular B A; from C draw the 
Line C A, making an Angle 
with BC of 33 ͤ15 to cut the 

Line B A in A, and it is done; 
for A C being meaſured on the 
ſame Scale that B C was, will be 

27.6 Miles, and BA 179.6 
Miles, as was required. 


PROBLEM VII. 


The Hypothenuſe and one Leg given to find the Angles and other Leg. 


| The Leg Ay B * the Hypothenuſe 150, given to find the Au- 
_ gles and Le N 
Draw the Baſe B C, upon A 
47 the Perpendicular B | 
A, upon which ſet off 69, 
take 150 in your Compaſſes, 
and with one Foot on A, lay 
the other on the Baſe, as at 0 
E, from C to A draw a Line. 


and it is done; for the Angle 4 a 22 I 
BCA being meaſured by a RT R 
Chord of 60 will be 275 2%, which being ſubtracted en 90 o leaves 


the * A 62 37 , and the Leg B C 133» as was InP: 


PROBLE = Ix. | 
The Legs given t find the Angles and Hypothenuſe. 


AC B, the Hypothenuſe A 155 


The — A B 980, BC 690, given to find the Angle Y Acer | 


4 ©» = nome no 


GEOMETRICAL BROBLEMS. g. 


Draw the Baſe B c, on B erect 
the Perpendicular A B, make BC 
equal to 690, and BA 980 from A 
to C draw a Line, and it is done; for 
the Angle being meaſured, as before, 
will be found as in the Fi igure, and 
the N 1198, as was re- 

quired. 


PROBLEM. X. 


Two ule and one Side of an Oblique-angied 77 Fiangle given, 10 2 
eit r of the other Legs. 


The Angle BDC 103 * 25, and CBD 44 42% and he Leg 
BC 76 Dong to find the Sides CD and B D. 


Draw the Line BC equal to 76, 

on B deſcribe an Arch, and make 
the Angle CBD 44 42, add the 
Angles B and D together, that 
Sum ſubtracted from 180? (the 57H 
Sum of the Three Angles of =P x | 
Triangle) leaves the Angle C 3 57; upon c deſcribe an Arch, | 
and make the Angle BCD = 3 to 33 57 by drawing CD, 
and it-is done; for the Side BD will 42 2, 4 D 545 
which was required, | | 


* 


PROBLEM XL. 


x 


Two Sides and an Angle oppoſite to one of them, given, ts ful the hr 
ge, and the third Side, 


The Side BC 106, BD 65 Miles, and the Angle c 31? 40 1 3 
given to find the Angle D and Side CD. e 

Draw the Line B equal to 106, at be | | 
C make an Angle of 31 uh by drayi 
CD, take 65 in your Compal +> 
” with one Foot in „Jay the other upon r 
 Wthe — CD, in n draw the — 2405 


16 GEOMETRICAL PROBLEMS, 


and it is "done; for the Ang le D will be 120? 43, the Angle 5 
27 28', and the Side DC 505 „ as Was required, 


ROBLEM Au. „ 


20 150 Sides and ther contained 3 given, 10 fond cither bn the other 
” Angles, ang the Rnd Side, 


_ The Side B C x09, BD 16 L ara Ange CAD 15 
3 30% given to find the Angle BD 8 or BCD, a Side CD. 
Draw the Lige B C 109, and 
BDP, ſo as to make an Angle 
with BC of 101530“, which make 
equal to 76; join BC with a 
Right Line, acl it is done; for 
the Tangle D, being meaſured b 7 
the Chord of bo? will be 47* 32, 
1 * C 20? 587, and the Side 
44.8, a as was 1 


en XIII. 
"The Three Sides given to find the Angler. 


| The Sides BC 105, BD 85, and CD 50 Miles, given to find ; 
the Angles BDC, BCD, or CBD. : 
Deas the Line BC equal to 105, 
take CD 5oin your Compaſſes, and 
with one Foot in C deſcribe an Arch 
as at D, then take B D 85 in your 
Compaſles, and with one Foot in B 
cut the former Arch in Dy join B D x 
and D C, and it is done; for the 1 . 
Angle B. being, meaſured, will be found 28? 4, Angle © 3% 
9-6 being added. togerher, i is 81” 12”, their Sum ſabre from 
den leaves N D ww 49 as Was 5 required, | 


* 
re — 4 1 4 17 
os * & at Y 's 4 
4 * _ * 2 4 J . 


7 4 \ * * » F N * 2 ” 
8 „ Wt oF A 1 1 3 : 25 4 J 4 


PLANE: TRIGONOME * * 


0 7 HE, 


' DOCTR INE of PLA E TRIANGLE 8. 
EACHE 8 the n of Tria 5 | gn 
4 the Sides and Angles together by known gy ee 
Three Things being given, 2 th. may be found on Condi- 
Wn that one of them be a Side; . i which, Right Lines are ap- 
57 to the Arches of a Circle, that the Proportion they bear to the 
i by 


ides of a Plane Triangle, may be found. 1 
+ The Right Lines _— ; 4 ern are Chords, se Tan- 
, ts, and Secants. e 45 | 
CA Chord, or Subſtance ofa Arch, is a Right Tus divides 4 
a Circle into two une- T 
* Parts, and is a e e ee 
hord to them _ E276 er ai + error tory is 
"As A 8, and mY raph 
8 . * ae] 
A Righe Sine or a an 5 
Aich i a Linedfawn - 
from one End or- Ter- 
mination of an Arch 


5 Ei; or to the 


adius; or it is Half 
ie Chord of twice the 
Arch: So that RS is 
the Sine of the Arch . 
25 A änd of the Arch 
D, the Sum of which 
4 make 180˙, or 
8 Senikircle. ; 


e 

The verſed Sine is 
dat Part of the Dia- 3 
meter contained de- 8 
55 I _ * 
and the Arc wherefore R Ai is the verſed Sine of ans. 
nn the verſed Ny We AL ET: ” te 2 


Abe Ta p . 90% 74 I 5d —_ 
RFI of an 1 is a Right * g ; eu. "24 

lay from one End of the . . a cn perpendic 
2 


12 PLANE TRIGONOMETRx. 


The Secant of an Arch is a Right Line drawn from the Centre 
through the Circumference, by which the Tangent is terminated ; 


wherefore C T is the Secant of the Arches S A and SD, | 


| VI. eo 

The Sine Tangent, &c. of the Complement of any Arch is called 
the Co-Sine, Co- Tangent, &g. of the Arch: Thus, HS is the 
Co-Sine and B G the Co-Tangent of the Arch AS, -. 
Note. Sines, Tangents, and Secants, are ſaid to be fo many 
De as the Arch contains 9 of 360 Degrees; ſo that the 

Radius, being the Sine of a Quadrant or a Fourth Part of the 
Circumference, contains go Degrees: Thus the Radius is always 
equal to the Sine of go Degrees. — EC 9 


From theſe Definitions it follows, that the Chord of any Arch, 
and its Supplement to a Circle, is repreſented by the ſame Line: 
wherefore if the Chord of an Arch leſs than a Semicircle be given, 
the Chord of an Arch as much above a Semicircle as the other is 
deficient, is alſo given. From Definitions 2d, 4th, and 5th, it fol- 
lows, that any Arch and its Complement to' a Semicircle have one 
Right Sine, — and Secant, common to them both. Where- 
fore the Right Sine Tangent, d Secant of an Arch leſs than a 
Quadrant, is the ſame with the Right Sine, Tangent, and Secant 
of an Arch as much exceeding a Quadrant as the former is de- 
fective; and from Definition the 3d, it follows, that the verſed 
Sine of an Arch greater than a 8 is greater than the 
Radius: but the verſed Sine of an Arch leſs than a Quadrant, is 
leſs than the Radius; and that the Sum and Difference of the 
* Radius and Co- Sine of any Arch, ſhall be the verſed Sine of that 
Arch and its Supplement to a Semicircle; for DC+CR=DR 
the verſed Sine of the Arch DS; and AC—CR, is the verſed 
Sine of the Arch AS. 5 
By comparing the fimilas Triangles CRS, and C B G, it ap- 
ears, that the Co-Sine of an Arch is to the Right Sine, as the 
Radius is to the Tangent of the ſame Arch, and the contrary; for 
CR: RS AC: CT. . 8 Ou 3 
And, that the Co-Sine of an Arch, is to the Radius, as the Ra- 
dius is to the Secant of the ſame Arch, and the contrary; for 
KC: SCrAC:CT... . 5 5 8 
Hence the Radius is a mean Proportional between the Co-Sine 
and the Secant of the ſame Arch; wherefore, the Co-Sines and 
Secants of Arches are reciprocally proportional. : | 


* a. 


4 « 


Pr 


J..; TT 


* 


PLANE TRIGONOMET RT. 13 


That the Right Sine of an Arch, is to the Radius, as the Tan- 
nt of the ſame Arch, is to its Secant, and the contrary; for 
S0 d + ee To 
And the Tangent of an Arch, is to the Radius, as the Radius 
is to the Co- 10 1 of the ſame Arch, and the contrary; for 


TA: AC:: CB | 


Hence the Radius is a mean Proportional between the Tangent 
and-Co-Tangent of an Arch; wherefore, the Tangent of Arches 


and their Co-Tangents are reciprocally proportional. 


That the Tangent of an Arch is to the Secant of the ſame Arch 
as the Radius is to the Secant of its Complement, and the contrary; 
for AT: TC:;CBYyCG. _ . N 
The Chords, Sines, Tangents, and Secants, or verſed Sines of 
fimilar Arches, are in Proportion to each other, as the Radii af 
thoſe Circles. e 


By viewing the Figure, it will appear, that if the longeſt Side of 


the Triangle CR S be made the Radius of a Circle, the other Sides 
will be Sines of the Angles oppoſite to them; but if one of the 
Sides containing the Right Angle be made Radius, the other will 


be the Tangent of the Angle oppoſite to it, and the Hypothenuſe, 
or longeſt ide, the er. of the ſame Angle. + 
Having explained the Properties of a Right-angled Triangle at 
ſome Length, it being the clo of Plane and Mercator's 
Sailing; we ſhall now proceed to ſhew how to determine the ſe- 
veral Lengths of the Sines, Tangents, and Secants, belonging 
the ſeyeral Arches, anſwering to every Degree and Minute of * 
Quadrant, in Parts of the Radius firſt given; and how to lay them 
down on the Plane Scale. e 


* 
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OF THE- LINES o 


Foes, Tonghnle,inephreas the PlaneScale, 


uſt ITH the Radius — ou Piel Gor» your Sende defarive | 
VV a Semicircle ADB C, and upon the Centre C raife 
the Perpendicular CD, (which will divide the Semicirele _ 
two Quadrants, AD, B D); continue C D directly to 8, 
upon B raiſe the Perpendicular B T, then draw the e Right Li Ls 
BD and AD. 
*- 2dly. Divide the Quadrant BD into 9 equal Parts, then will 
+ each of theſe be 10 Degrees, Again, you may ſubdivide each of 
theſe Parts into ſingle — 5 And theſe again, if your Radius 
1% admit of it, into Minutes, or ſome e Parts of a De- 
ater than Minutes, 
. Set one Foot of the Compaſſes in By and er each df 
he Diviſions in the Quadrant B D, to the Right Line BD; then 
is BD a Line of Chords. F 
Athly. From the Points 10, 20, 30, &c. in the Quadrant BD, 
aw Right Lines parallel to CD till they cut the Radius CB; 
then is the Line CB divided into a Line of Sines, which wult b be 
numbered from C towards B. 
Sthly. If the fame Line of Right Sines be bee N 
towards C, it will become a Line of Verſed Sines; which may 
be continued to 180%, if the ſame Diviſions be transferred on the 
other Side the Centre C. | 
6thly. From the Centre C through the ſeveral Diviſions in the 
Quadrant BD, draw Right Lines till they cut the Tangent BT; 
ſo will the Line B T become a Line of Tangents. 
Fthly. Setting one Foot of the Compaſſes in C, extend the other 
to the ſeveral Diviſions, 10, 20, 30, &c. in the Tangent Line BT 
and transfer theſe Extents ſeverally into the Right Line C8; then 
will the Line CS be a Line of Secants. 
8thly. Right Lines drawn from A to the ſeveral Diviſions, 10, 
20, 30, &c. in the Quadrant, B D, will divide the Radius CD into 
a Line of Semitangents. 
gthly. Divide the Quadrant AD into 8 equal Parts, and from A 
transfer theſe Diviſions ſeverally into the Line AD; then is AD 
a Line of Rhumbs, each Diviſion anſwering to 11? 15 upon the 
= Mp of Chords, The Uſe of this Lig is for NEO and mea- 
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ſuring of Angles according to the common Diviſions of the Mari- 
ner's Compaſs. If the Radius A C be divided into 100 or 1000 &c. 
equal Parts, and the Lengths of the ſeveral Sines, Tangents, and 
Secants, correſponding to the ſeveral Arches of the Quadrant, be 


meaſured thereby, ana theſe Numbers be ſet down in a Table, each 


in its proper Column : you will by this Means have a Triangular 
Canon, of Numbers, by which the ſeveral Caſes in Trigonometry 


may be reſolved. The Right Lines graduated as above, being. 


laced ſeverally upon a Ruler, form the Inſtrument called the 
Plane Scale; by which the Sines and Angles of all Triangles may 
be meaſured. All Right Lines (as the Sides of Plane Triangles, &c. 
when they are conſidered ſimply as ſuch, without having any Rela- 
tion to a Cirele) are meaſured by Scales of equal Parts; one of which 
is ſubdivided equally into 10, and this ſerves as a common Diviſion 
to all the Reſt. In moſt Scales an Inch is taken for a Common 
Meaſure, to determine their Largeneſs and Number of Parts : what 


an Inch is divided into is generally ſet at the End of the Scale, as 


in the Scales A, B, and E; the Numbers 10, 20, 30, ſhew that 
ſo many Parts of the Scales, A, B, C, are contained in an Inch. 
By any Scale of equal Parts divided as above, any Number leſs than 


100 may be readily taken; but if the Number ſhould conſiſt of 


Three Places of Figures, the Value of the Third Figure can only 
be gueſſed at: wherefore, in theſe Caſes, it is better to uſe ſuch a 
Scale as D, called a Diagonal Scale, by which any Number of 
Three Figures may be exactly found. | 
Having eder. a Ruler of convenient Breadth for your Scale, 
(which may be an Inch more or leſs) Firſt, near the Edges thereof, 


draw Two Right Lines % ꝙ, parallel to each other; then divide | 


one of theſe Lines as LE into equal Parts, according to the Large- 
neſs you intend your Scale; and through each of theſe Diviſions 
draw perpendicular Right Lines as far as the Line cg; next divide 
the Breadth into 10 equal Parts; and through each of theſe Di- 
viſions draw Right Lines parallel to the former af and cg; again, 
divide the Lenghts a, b, c, d, each into 10 equal Parts; and from 
the Point d to the firſt Diviſion in the Line A B, draw a Right 
Line ; then, parallel to that Line, draw Right Lines through all 
the other Diviſions, and the Scale is done. | | 

Beſides the Lines already mentioned, there is another on the 
Plane Scale, marked ML, which is joined to a Line of Chords 
and ſhews how many Miles Eaſting or Weſting make a Degree of 
Longitude in every Latitude; theſe ſeveral Lines are (generally) 


2 on one Side of a Ruler 2 Feet long; and on the other Side are 


aid down a Scale of the Logarithms of the Sines, Tangents, and 
Numbers, which is commonly called Gunter's Scale; and as it is 
of general Uſe, it requires a particular Deſcription: Tia 


bs 4 
1 e 
e 
1 7 ; 
I TR 
7 * 8 « 


- 


t 16 1 


* 
5 


ve thus: near the Left Hand End 
it begins at 1, and towards the Right Hand is 2, 3, 4, 5, 6, 7, 8,9; 


then 1 is the Middle, at which is a Braſs Centre Pin, going till on 


25 3,4, 5, ©, 7, 8, 9, and 10 at the End, where is another Centre b 
Pin: (As this Line is generally uſed, it requires a larger Deſcription) 8 
The firſt x may be counted for 1, or 10, or 100, or 1000, and then * 
the next 2 is accordingly 2, or 20, or 200, or 2000, &c. Again, | 

the firſt x may be reckoned for x Tenth, or x Hundredth, or x tl 
'Thouſandth Part, &c. then the next is 2 Tenth, 2 Hundredth, or 21 
2 Thouſandth Parts, &c. ſo that if the firſt 1 be eſteemed 1, the Ir 

Middle x is then 10, and 2 to its Right is 20, 3 is 30, 4 is 40, and 80 
10 at the End is 100; again, if the Firſt x is 10, the next 2 is 20, Je! 

23 3 is 30, and ſo on, making the Middle 1 now 100, the next 2 is 200, : 

3 is 300, 4 is 400, and 10 at the End is now 1000. In like Man- an 
ner, if the Firſt 1 be eſteemed for 1 Tenth Part, the next is 2 Tenth lar 
Parts, and the Middle 1 is 1, and the next 2 is 2, and 10 at the viſ 
End is now 10. Again, if the Firſt x be counted 1 Hundredth Parts ah 
the next is 2 Hundredth Parts, the Middle 1 is now 10 Hundredth ie 
Parts, or 1 Tenth Part, and the next 2 is 2 Tenth Parts, and 10 at the 
the End is now but one whole Number or Integer, ; don 
As the Figures are increaſed or diminiſhed in their Value, ſo in wa 
like Manner muſt all the intermediate Strokes or Subdiviſions be the. 
increaſed or decreaſed : that is, if the Firſt 1 (at the Left Hand) be . 
counted 1, then 2 (on the Right Hand of it) is 2; and each Sub- hren 
diviſion between them now is x Tenth Part, and ſo all the Way Jud 


to the Middle 1, which now is 10, the next 2 is 20; now the Vul, 
| | | 5 7 longes 


* 
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| Fonger Strokes between 1 and 2 are to be counted from 1 thus: 


11, 12, (where is a Braſs Pin) then 13, 14, 15, (ſometimes a longer 
Stroke than the reſt) then 16, x7, 18, 19, and 20 at the Figure 2; 
and all the ſhorter Strokes between theſe longer are now each to;be 
counted for a Tenth Part, from the Middle 1 to the next 2, now 
20, from whence the longer Strokes between the Figures are Units, 
thus, 21, 22, 23, &c. to 3, which now. is 30, and:the ſhorter Strokes 
between them, each now is a Tenth Part of an Integer; from 3 
each ſhort Stroke {ox little Divifion) is 5 Tenth Parts of an Unit. 
Again, if one at the left Hand be 10, the Figure between it and 
the Middle 1 are common Tens; and the Subdiviſions (between each 
Figure) are Units; and from the Middle 1 to 0 at the End, each 
Figure is fo many Hundreds and between theſe Figures each longer 


Diviſion is. 10j3 and from the Middle 1 to 2, each leſs Diviſion is 
2 Units; from 2 to the End, each ſhorter Stroke is 35 Units. 


From this Defcription it will be eaſy to find the Diviſions repre- 
ſenting a given Number, thus: Suppoſe the Point repreſenting the 
Number 12 was required, take the Diviſion at the F 5 I in the 
Middle for the Firſt Figure of 12, then for the ſecond Figure count 
2 Tenths (or longer ſtrokes) to the Right Hand, and this Laſt is 
the Point repreſenting 1%%ꝙV . n noaceld 
Again, ſuppoſe the Number 22 was required, the Firſt Figure 
being 2, I take the Diviſion to the Figure 2 for it, and for the 
Second Figure 2 count 2 Tenths onwards, and that is the Point 
repreſenting ga i e og Tn oe Tn 

Again, eee 1728 was required, for the Firſt Figure $I take 
the Middle 1, for the Second Figure 7 count onward as before, 
and that is 1700; then for the 2, the Third Figure count 2 Tenths 
from the Laſt, and it repreſents 1720; laſtly, for the Fourth Fi- 
gure 8, eſtimate 8 Tenths of the next ſmall Diviſion, or a little 
Jeſs than 10, this Point laſt ſound repreſents 1728. 5 

Required the Poi 


* 


int repreſenting the Number 435? From the 4 
in the Second Interval, count towards 5 in the Right, Three of the 
larger Diviſions and one of the Smaller, and that will be the Di- 
viſion expreſſing 435; and the like of other Numbers, which by 
a lietle Practice is readily done. . Bt 
All Fractions found in this Line muſt be. Decimals; and if 
they are not, they muſt be reduced into Decimals,; which is eaſily 
done by extending the Compaſſes from the Numerator to the De- 
nominator, that Extent laid upon 1 in the Middle will reach to 
the Decimal: equi, dj. toe bf en Carmel 
Example, required the Decimal Fraction equal to 3 ? Extend 
ircm 4 to g. that: Extent will reach from 1 in the Middle to 275 
towards the Left Hand; the Nke may be obſerved. of any other 
Vulzar Fraction. | ; 


=. | Multiplication 
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Circumference required. 
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Multiplication is performed on this Line by extending from 1 


to the Multiplier, that Extent will reach from the Multiplicand to 
inn, 8 . 


: - Suppoſe, for Example, it was required to find the Product of 16 


multiplied by 4: Extend from one to 4, that Exzitent will reach 
"from 16 to 64, the Product require. 5 | 


« * Diviſion being the Reverſe of Multiplication, therefore extend 


* 


from the Diviſor to 1, that Extent will reach from the Dividend to 
the Quotient, 5 


Suppoſe 64 is to be divided by 4, extend from 4 to 1, that Ex- 
tent will reach from 64 to 16, the Quotient. The ſame with any 


Proportion, or the Rule of Three, being perſormed by Multi- 
plication and Diviſion, therefore extend from the Firſt Term to 
the Second, that Extent will reach from the Third to the Fourth. 


Example, If the Diameter of a Circle be 7 Inches, and the Cir- 
cumference 22, what is the Circumference of another Circle, the 
Diameter of which is 14 Inches: = 
Extend from 7 to 22, that Extent will reach from 14 to 44, the 


In like Manner may any other Proportion be worked of any 
Denomination, Which makes this Line of general Uſe, particularly 


in meaſuring of Superficies and Solids, which is done by extend- 
ing from 1 to the Breadth, that Extent will reach from the 

+ "Length to the Superficial Content. | 
Example, ſuppoſe a Plank or Board 15 Inches broad, and 27 


Poet long, the Content of which is required. 
Extend from 1 to 1 Foot 3 inches, that Extent will reach from 


27 Feet to 33,75 Feet, the Superficial Content; or extend from 
12 Inches to 15 Inches, that Extent will reach from 27 Feet to 
D 127 

The Solid Content of any Bale, Box, Cheſt, &c. is found by ex- 
tending” from 1 to the Breadth, that Extent will reach from the 
Depth to a Fourth Number, and the Extent from 1 to that Fourth 


Number will reach from the Length to the Solid Content. 


trom 1 to 1, 25, chat Extent will Teach from ,56 to, 7; then extend 


Example 1ſt! What's the Content of a Square Pillar, whoſe 
Length is 21 Feet ꝙ Inches, and Breadth 1 Foot 3 Inches; 
Ihe extent from 1 to 1, 25 will reach from 1, 25 to 1, 56, the 
Content of 1 Foot in Length; again, the Extent from 1 to 1,56 
_ reach from the Length 21,75 to 33,8, the Solid Content in 
Example 2d. Suppoſe a Square Piece of Timber 1, 25 Feet broad, 
„5b deep, and 30 Feet long, be given, to find the Content: Extend 
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from 1 to ,7, that Extent will reach from 36 to 25,2, the Solid 
Content. 4 like Manner may the Contents of any Bales, &c. 
be found, which divided by 40 will give the Tonage. | 4 
' 3d. The Line of Sines (marked SINEs) begins at the Left Hand, 
and Figured thus: 1, 2, 3, &c. to 10; then 20, 30, 40, &c, to go, 
ending at the Right Hand, where is a Braſs Centre Pin: Theſe 
Figures never change their Value or Denomination, being here 
(and in all Lines under it) called Degrees. : 
4th. The Line of Verſed Sines (marked V. S.) begins at the Right 
Hand againſt go, in the Sines, and from thence Figured towards 
the Left Hand, thus: 10, 20, 30, 40, &c. ending àt the Left 
Hand End abeut 169 Degrees; the Subdiviſions are from 10 to 30, 
each are 2 Degrees; from thence to go, (it is ſingle Degrees); |. 
and from thence to the End; it is divided each into 15 Minutes. 
5th. The Line of Tangents (marked Tan.) begins at the Left 
Hand as the Sines do; from thence Figured to the Right Hand, 
thus: 1, 2, 3, &c. to 10, and ſo on 20, 30, 40, and 45 at the Right 
Hand, where is a little Braſs Centre Pin, juſt under and even with 
90 in the Sines; from thence back again it is Figured 50, 60, 70, 
80, &c. to 89, ending at the Left Hand where it began at 1 
8 2 Subdiviſions of this Line are the ſame as thoſe of 
the Sines, 5 | oh 89 
6th. The Line of Meridional Parts (marked MR.) begins at the 
Right Hand, and numbered thus: 10, 20, 30, &c. to the Leſt 
| Hand, where jt ends at 87 Degrees. This Like. with the Line of 
; Equal Parts (marked E. P.) under it, are uſed together, only in 
Mercator's failing. The uppermo® Line contains the Degrees uf 
L the Meridian or Tante in a Mercator's Chart; and the lower 


5 is the Equator, and contains the Degrees of Longitule. 
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the Number conſiſts of more than 3 Places, ſuppoſe 5738, find the 
 fult 3 Figures 573 in the Column marked N'. and right over and 
under 8 {tands 2.75876; but as the Number is above 3 Places of 
Figures, the Figure or Index muſt be called 3, and then it will 
ſtand tbus, 3.75876, the Logarithm required. On the contrary, 
when a Logarithm is given to find the Number belonging to it, look 
among the Logarithms for the neareſt to it, oppoſite which, in the 
Column of N*, will be found the Number required. Suppoſe, for 
Example, the Logarithm 2.75662 yas given, I find the neareſt to 
it in the Table is 2.75664; oppoſite to that is 571, the Number re- 
quired. Again, ſuppoſe the Logarithm 3.74763 was given to find 
its Number, looking in the Table I find neareſt thereto under 3, 
and oppoſite to 559, now becauſe the Index is 3, I call it 5593, 
which js the Number required; for when the Number js under 10 
the Index is always o; from 10 to 100 the Index is 1; from 100 to 
1000 the Index is 2; from 1000 to 10, ooo the Endex is 3; from 
120,000 to 100, ooo the Index is 4, &. 74 
To find the Logarithm of an Abſelute Number and a Decimal * 

If the Decimal” conſiſts of one Place and the whole Number be 
under 100, look for the Whole Number and Decimal as if it was an 
Abſolute Number in the Column pf Numbers, oppoſite to that will 
be the Logarithm required, obſerving to ſeparate the laſt Figure in 


the 
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the Number for a Decimal, and to call the Index 1 if above 10 and 
under 100; but if under 10 the Index is o. Required the Logas. | 
rithm of 57,5? oppoſite to 575 is 2.75967, calling the Index 115 
will be 1.75967, the Logarithm of 57,5. 1 8 
Having the n the Numher is found hy the Inyerſe at: 


he above, as for Example : 
E - Required the Number anſwering to the Log 2.98798 
Looking in the Table I find that 1 94 under (7) and oppo- 7 
ſite 972, therefore 972, 7 is the Number ſougbt. 5 . = 

When there are two Places of Decimals, find the Whole Num- 
ber, and the firſt Place of the Decimal in the Column of N'. as 
before, and the laſt Figure in the Column marked | 1 | 2 | 3 | &c. 
above, and at the Angle of Meeting will be the Logarithm required. 
Example, Required the Logarithm of 44,49 ? look for 444, and 
Right over and under ꝙ is 2.64826. making the Index r it will be 
1.04826, the Logarithm of 44,49; having the Logarithm, the 
Number is found as before, . —B = 90025 

Example, Required the Number anſwering to this Logarithm 
0.75450? looking in the Table I find that Logarithm under 2, and 
oppoſite to 568 in the Column of Numbers; now as the Index is 
(0) the 5 only is a whole Number, and 68 ſet before the 2 above. 
will make the Decimal 682, conſequently the Number is 5,682, 
To find the Loga"ithm of the Sine, Tangent, or Secant, belonging to any 

Number of Degrees and Minutes required; ' | © 

If the required Degrees be leſs than 45, ſeek the Degrees on the 
Top, and the Minutes in the Left Hand Column marked M, againſt 
which in the Column ſigned at the Top with the propoſed Name, 
ſtands the Sine, Tangent, and Secant required; but when the De- 
grees given are more than 45, ſeek the Degrees at the Bottom, and 
the Minutes in the Right Hand Column marked M at the Bottom, 
and the propoſed Name at the Bottom, Here it may be obſerved, . 
that the Degrees at the Top, and Minutes at the Left Hand Column 


; added to the Degrees at the Bottom, and Minutes in the Right 

: Hand Column always make go? : hence, if a Sine be Jooked — „ 
b the Complement to it will be found in the adjoining Column: the 2 
: lame of Tangents and Secants. *'* 1 7 1 
7 


Example 1ſt, Required the Lqgarithm of the Sine 28* 37'?. 
Find 28? at the Jop of the Page, and in the Left Hand. Column 
marked M at the Top find 37, againſt which in the Column 8 
with the word Sine, ſtands 9.68029, the Logarithm of the Sine of 
8 280 37“ required; the ſame may be obſerved of Fangents and Secants. 
Example 2d. Required the 1 of the I angent of 69* 45/? 
Find 67? at the Bottom of the Page, and 45 in the Right Hand 
Column marked M at the Bottom, againſt this in the Column 
marked Tangent at the Bottom ſtands 10. 388 16, which is the 
E , . ter 
aving the Sine, Tangent, or Secant, the Co-Sine, Co- Tangent, 
and Co-Secant are always found in the adjoining Columus. 
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The Logarithm of any Number of Degrees ore go? is found by 
ſubtracting the given Degrees from 180", and 4 the * 
rithtns of che Remainder, | 


E find the Complement Arithmetic of any Legarithm given 8 


The Complement Arithmetic of a Logarithm is what it wants of 
10. oooοο, or 20 ooo, and is uſed to avoid Subtraction; ſor find= ' 
ing it this is the Rule: take the Reſidue or Remainder of the firſt 
Figure to , and ſo of the Reſt until you come to the laſt Figure, of 
which take its Remainder under 10, and it is done. 

Example iſt, I would have the Complement Arithmetic of 

625 
I Pe ine firſt Figure 9 write 0; for 6, 3; for 2; 7; for 5, 43 
for 9, o; and for the laſt Figure 5 write 5; and ſo you have 

| 405, for the Complement Arithmetic ſought. 

" Example 2d. The Complement Arithinetic of 10.331 33? 

For o, (always rejecting the firſt Figure, when there are two Fi- 
gures in the Characteriſtic) write 9, and ſo on as before directed, 
and then you will have 9. 66867, which is the Complement "_ 


mw? 10. 33133. 

1 | Or thus: 

From - 10,00000 From 20.00000 
Take 3s 9-62595 | Take | 10.331332 


Comp. Arith. required 0.37405 Comp. Arith. required 9: 66867 — 


The Logarithm for Degrees, Minutes, and Seconds is found by 
taking the Difference between the next greater and leſſer Loga- 
rithm; and ſaying, as 60“: is to that Difference :: ſo is the Seconds 
given: to a fourth Number, which fourth Number being added ta 
the Left Hand of the next leſs Logarithm gives the Logarithm 
required. By the reverſe of Fey. whe en the Logarithm i is given, 
the Seconds may be found. 

But if the given Seconds be 2, 3, 2, or r nearly any other even 
Parts of a Minute, the like Parts may be taken of the Difference 
of the Logarithms, and added to the next Jeſs Logari hm, and 
that will be the Logarithm of the Degrees, wine, and * WA 2 
Minute required. | 

The ſame may be obſerved of Natural Sines. 5 Ts 
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That the Chord of 60?, Sine of go?®,, and Tangent 45 of any 
Circle are always equal to the Radius. 

The Co-vine, Ce. Tangent. Co-Secant. and Co-verſed* Sine 
of an Arch is the Right Sine, Tangent, Secant, and Verſed Sine 
of the Complement of that Arch. 185 5 
Tat all Circles, whether great or ſmall, are ſuppoſed to be 

divided into 360 equal Parts called Degrees, and each of theſe 
Degrees divided into 60 equal Parts called Minutes; the fourth 
Part of a Circle is called a Quadrant or go?, the Half is called a 
Semi-circle or 180". 5 

The Complement of any Angle is 

go Degrees. ” „ „ | 
The Supplement of any Angle is what it wants to complete 
180 Degrees. 5 1 
* All Angles are meaſured by an Arch of a Circle, deſeribed upon 


what it wants to complete 


their Angular Points with the Chord of 60 Degrees, and are eſteem- 


ed greater or leſs, according to the Number of Degrees contained 
between the Legs; but the Sides are meaſured by a Scale of equal 


The feweſt Number of Right Lines that can include a Space are 
three, which is called a Triangle, and conſiſts of fix Parts, which 
are three Sides and three Angles. | | 


The Three Angles are always equal to a Semi-circle or 180 De- 
grees ; therefore, if two of the Angles be given, the third is found 
by ſubtracting the Sum of the two given Angles from 180 Degrees, 
the Remainder will be the third Angle; and if one of the Angles be 
given, the Sum of the other two is found by ſubtracting the given 

Angle from 180 Degrees, the Remainder will be the Sum of the 
other two Angles ; but in a Right. angled Triangle (or that which 
hath one of its Sides perpendicular to the other), the Right Angle 
always contains go Degrees, and the other two contain go Degrees 
between them : Therefore, having one of the Acute Angles, given 
the other is always found by ſubtracting the given Angle from 90 
Degrees, the Remainder will be the other Angle. 

Three Letters ſignifying an Angle: The middle one denotes 
the Angular Point, and the other two the Legs that include it. 


Degrees are always marked with a Cypher over them, and Mi- 


nutes with a Daſh. 


Sides or Angles, being given, are always marked with a Daſh; 


but, if required, with a Cypher. 


The Logarithm of any Angle exceeding 90 Degrees is found. + 
by ſubtratting it from 180 Degrees, and taking the Logarithm 


of the Remainder. 8 
De Solution of the ſeveral Caſes in Plain Trigmometry depend upon four 


Propoſitions, called Axious; which fhauld be got jerfe fly by heart. 


AXIOM 


- . 


* 
A 
4 
7 


by TRIGONOMETRY: 
AXIOM I. | Ty, 


1. an Right-angled plane Tian, le, if the Hypothenuſe, of 
Jotigeſt Aide, be made the Radius of a Circle, the, other two 
Sides, or Legs, will be the Sines of their oppoſite Angles: But if 
either of the Legs, including the 93 775 Angle, be made Radius; 
the other Leg becomes the Tangent of its 2 B Angle, and the 
Hypothenuſe the Secant of the {= me Angle N | 


For in the Triangle ABC; 1 
A B be made the Radius of 2 
Circle, and with one Foot of the, 
Compaſſes on A or B 3 4 
Circle, ir is plain that the 
BC will be the Sine of the „ 
fs and A C the Sinc of the Angle 3.“ 
But if AC be made Radius, 
BCT becomes the Tangent of the : 
Angle A, and B A the Secant of : 
the lame Angle. 


- 5 
2222 

9 5. « 

rr 


\ 
o N 
. 9 


2 Again, by making BC Radius, A 0 wil be Tangent, 2nd AB 
the Sccant of the Angle B: Hence it is plain, that the different 
| Sides take their Names according to which Side is made Radius. 


Norz iſt To find a Side, any Side may be made Radius! Then 
975 as the Name of the Side given is to the Name of the Side re. 
quired, fo is the Side given to the Side required. 

But to find an Angle, one of the given Sides muſt be made Ra- 
dius: Then, as the Side made Radius, is to the other Side; ſo is 
the Name of the firſt Side, (which is always Radius), to the Name of 
the ſecond Side; which fourth Proportional muſt be found among 


2 nes Norr. As this Axiom ſhews how to work any Proportion in Plane 
Traverſe, or Mercator's Sailing; therefore, the Terms of Plane Sailing 
may be applied to the Right-angled Triangle, and then proceed to Plane 
Sailing immediately, without going through TrigonoWwerry, if the Tupi's 

Time be ſhort; and may be rendered thus: 

In any Caſe in Plane Sailing, if the Niſtance be made Radius, the De- 
partore will be the Sine, and the Difference of Latitude the Sine- Cams 
plement of the Courſe. 

Bur if the Departure is made Radius, the Difference of Laiitude will "i 
the Tangent, and the Diſtance the Secant of the Complement of the Courſes 

And it the Difference of Latitude 1 is made Radius, the Departure will 
came che 4 angent, and the Diſtance the Secant of the Courie, 


1 tle 
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c TRIGONOMETRY. 25 


the sines or Tangent, &c. to be determined by the Side made 
Radius, and againſt it is the Angle required. 

In a Right-angled Triangle you muſt always. have two Sides, 

or the Angles and one Side given, to find the reſt. 

- To work Proportions by -Liogarithms,. obſerve this general 

Rule: + - 

Add the Logarithm of the ſecond and third Terms together, 
and from that Sum ſubtract the Logarithm of the firſt. Term, the 
Remainder is the Logarithm of the fourth Term or Number 
ſought, When an Angle is greater than 9o Degrees, the Sine, 
Tangent, and Secant of the Supplement i is to 115 Wed, 


* 


80 CASE + A 


S 


The Angles and Hypothennſe given, to find either f the Thar, 


Given, the Hypothenuſe 121 Leagues; the Angle oppoſite to 
the Baſe 54* 30'; and conſequently, the other Angle 35 3% z the 
Baſe and Per ION: are Era med 


For the Conſtradien ſee 
Problem VI. in Geometry. 


Note. Theſe eg the ſame NEL] brought 88 which 
were conſtructed in Geometry, therefore, if the Learner is any 
Time at a Loſs how to conſtruct ny of them, he 1 turn back to 
the Problem N 70. 


* he „ 
. „ £9 r & 
7 & * f 4 { & — ; — / „ 
* „5 We 7 
7 b 
4 
* 4 
” * LY — 
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26 TRIGONOMETRY. 
| Dp making the Baſe Radius, the arenen by Arion I. 


will be, 
As Secant Angle 0 —35 of 10.0893 il | 
Is to the Hypothenuſe 221 y 228.08278 From 505 o 


Bo is Radius — 10. ooo Take 54 30 


12.0828 Remains 35 zo Angle 4 
10. 08931 | FFF 


ro the Side BC s — 1.99347 


As Secant . c 7 9 „ dads 
Is to the Hypothenule 121. — 2.08278 
So is the 75 gent Angle = 25 30 — 9285327 


4 


11.093605 
10. 08931 


— ——— — 


To the side AB 7⁰.60ä5—ßé — 1.84674 


oy 126g the bak Racks, the Proporion by 
7 / AX10M I. is, 


a To find 4 AB Too find B C. 
As Sec 1 A 54 30 10. 23605 As Sec. Ang. A 54? 2 10. 23605 
Is to the Hyp. 121 2.08278 Is to Hyp, 1217 2.08278 
* is Radius — _ 10.00000 So is Tan. A A 54 0 1914673 
"IE. ee e it aa — 
4 m, :-uto88ys3.. —, oy 
. roo Oy 10. 23605 WS, | | 10. 23605 


— — 


' To the Side AB 70.26 _1.84673 To theSide BC 98.5 _ 1:99346 


By peaking the Hyporhenuſe Radius, it will be, 


Fo find B C. + Sa To find A B. 
55 *. Radius — 10. ooooo 'As Radius — / 10,00000 
Ts to the Hyp. 121 2.08278 Is to the Hyp. 121 2.08278 
* 120 4 54 09:5 9.91069 n C 5 9. 26395 
| 11-99347 | 7787573 
: 10.00000 . _ 10.00000 


To the _ BC 98.5 : 199347 To the Side AB 50.26 _2-84673 


Hence, it is plain, that whatever Side ! is made Radius, the Re- 


By 


| . 2 will be the ſame, 


I, 


fi 


Pr 


Term to the ſecond will reach from the third to the fourth. 


the ſecond to the fourth; that is, ſet one Point of the Compaſles 


Point to the Diviſion expreſſing the ſecond (or third) Term; 


"Extent will reach from the Hypothenuſe 121 to the Perpendicular | 5 


By GUN TER 020-1 E; : 1 
In all Proportions wrought by Gunter's Scale, when the firſt and . 
ſecond Terms are of the ſame Kind, then the Extent from the firſt . 


hd 


Or when the firſt and third Terms are of the ſame Kind: | 
The Extent from the firſt Term to the Third will reach from 


on the Diviſion expreſſing the firſt Term, and extend the other 


then, without altering the Opening of the Compaſſes, ſet one Point 
on the Diviſion repreſenting the third Term (or ſecond Term), 
and the other Point will fall on the Diviſion ſhewing the fourth 
Term or Ang. 3 = _ 

Now in the laſt Caſe it will be thus: 3 „„ 

Extend from Radius or 9o* to 54 30/ on the Line of Sines; that 
Extent will reach from the Hypothenuſe 121 to the Baſe 98.5 on 
the Line of Numbers. 8 5 | | 


| 2dly. Extend from Radius to 357 30 on the Line of Sines that 


AB 70.26 on the Line of Numbers. 1 | 

Obſerve the like in all that follows, except in thoſe Proportions - 
where the word Secant is mentioned; which may be readily 
wrought, by conſidering the Hypothenuſe Radius, as in the laſt. 

al EN 8 . | | 19 8 
Norz. The Radius, according to the Nature of the Proportion, 
may be any of theſe, viz. | TN 

8 Points on the Line of Sine Rhumbs |? 
CASE Hl. an BM, 7 


4 Points on the Line of Tan. Rhumbs 
The Angles and one Leg given, to find the Hypothenuſe and other Leg. | 
The Angle ACB 335 150, the Leg BC 274 Miles, given, to- + 
find the Hypothenuſe and other Leg. 1 | OR | TY : 922 "2 


o on the Line of Sines. 
5* on the Line of Tangs, 


\ 


For the Conſtruction ſee | 
Problem VII. in GEeoMETRY. 8 4 


8 
g 155 * | ; B 


28  TRIGONOMETRY. 
By making the Baſe Radius, the Proportion will be, 


To find the Perpen. _, Io find the Hypothenuſe. 
As Radius —— 19,00000 As Radius — 10. oo 
Is to the Baſe 274 2.43775 Is to the Baſe 274 2.43775 
So is Tan. Ang. C 33* 150 9.81666 So is Sec. Ang. C 33* 15) 10.6776; 
12.25441 | 12.51540 
10.00000 | 10.00000 


To the Perpend. 179.6 2.25441 To the Hypoth. 327.6 _ 2:51540 


— — — ——— — 


By making the Perpendicular Radius, it will be, 


'To find the Perpend. | - To find the Hypoth. 
As Tan. Ang. A 5645 10. 18334 As Tan. Ang. A 56% 45/ 16.18334 
Is to the Baſe 274 2.43775 Is to the Baſe 74 2.43775 
So is Radius —— _ 10.00000 So is Sec. Ang. A 56* 45 10. 20099 
12.437758 pe 12.69874 
I10.18334 10.18334 


— 


— — 


To the Perpend. 179.6 2.28441 To the Hypoth. 327.6 2.51840 


— 


— — — 
＋— ee 
- 


By ning: the Hypothenuſe Radius, it will be, h 


To find the Perpen. \ .. To find the Hypoth. 
As the Sine Ang. A 55450 992235 As Sine Ang. A 56* 45 9.92235 
Is to the Baſe 274 2.43775 Is to the Bale 274 2.43773 
So is Sine Ang. C 33 15! 9.73991 So is Radius 10. 00000 
12.117676 12.4377; 
9.92235 | 9492235 


; » To the Perpend. 179.6 2.25441 To the Hypoth. 327.6 _ 2.51540 


By GUNTER. 


© Extend from 56 Degrees 45 Minutes to 33 Degrees 15 Mi— 
nutes, on the Line of Sines, that Extent will reach from the Bale 
274 to the Perpendicular 179.6 on the Line of Numbers.“ 

2dly. Extend from 56 Degrees 45 Minutes to Radius on the 
Line of Sines, that, Extent will reach from the Baſe 274 to the Hy- 


* 
1 


pothenuſa 327.6, bn the Line of Numbers,” 


, CASE 


ASE 


* RIG 0 N 0 MET RFT. 29 
CASE IV. and V. 


| The Hypothenuſe and one Leg given, to find the Angles and other Leg. 


The Leg AB 69, the Hypothenuſe 1 50 given, to find the Angle 
1; I N 2 


[ 


For the Conſtruction ſee | 
Problem VIII. in G80- 


| ETRY., 1 £ . 5 \ ; 
1 | / . * + EY 


By making the Hypothenuſe Radius, it will he, 
Io find Angle C. | To nnd the Baſe B C. 


As the Hypothenuſe 150 2.17609 As Radius —— 10. ooo 


Is to Radius — ro. ooooo Is to the Hypoth. 150 2.17609 
So is Perpendicular 69 1.8388 5 S0 is S. Ang. A. 62 37 9.948309 
TTY rh 11.8383 12.12448 
| 2.176099 ö 155 10. o 
| To Sine Angle C 2 23 _ 9.66276. To the Baſe 133. 2 2.12448 
By making the Perpendicular Radius. it will be, 
h To find Angle A. To find the Baſe BC. 
As the Perpend. 60 1.83888 As Radius —— 19.00000 - 
Is to Radius — 10.00000 Is to the Perpend. 69 1.83885 


yo ls the Hypoth. 150 2.17609 So is Tan. Ang. 62% 37/ 10.2868 we 


1217609 5 „„ 1 
1.83885 | _ 


—— 2 —— * 


ä—NN—ũ4t —— —— 


e A eee 


BY GUN T E R. 


Extend from Hypothenuſe 150, to the Perpendicular 49, on 


the Line of Numbers, that Extent will reach from Radius to Sine 


Angle C 27 Degrees 23 Minutes, on the Line of Sines.” _ 
_ 2dly. © Extend from Radius to Sine Angle A 62 Degrees 37 Mi- 


nutes, that Extent will reach from the Hypothenuſe 150 to the 
Baſe 133.2 on the Line of Numbers. FEY | 


10.00000 - 


2 
2 


TRIGONOMETRY. 


CASE. VI. and VII. 


' The Legs given to find the Angles and Hypothenuſe.. 


The Leg Legs AB 855 B C 690 given, to find the Angle B AC, 
| er ACB, and the ypothenuſe A C . 


=>, "x 
EG. »\ 
s 

1 
1 


7 For the Conft;uftion fee Problem 
i= in 28 5 


VS.” 


290 
By mokivg: the Baſe nu it t wilt be, 


Doo find Angle C. To find the Hypoth. A C. 
* . the Baſe 600 2.83885 As Radius —— 10,00000 
Is to Radius — 10.00000 Ts to the Baſe 690 2.83885 
So is the Perpend. 980 2.99123 801 is Sec. 9 C54 517 10. 23979 
2 „ 13.0864 1 
2.83885 | 10.00009. 8 


ToTan. Ang. C 540 517 10 10. 15238 To the Hypoth, 1198 3.07864 


7 By ring 2 the Perpendicular Radius, it will be, 

* To fin To find the Hypoth. A O. 

q As the Perpend. 990 2.99123 As Radius —— | 10,00000 
Is to Radius —— 10.00000 Is to the Perpend. 980 2.99123 


So is the Baſe 690 2.83885 80 is Sec. Ang. A 35% 10. 08743 ; 
12. 93885 Sa N 9 A 13. .07866 G; 
2. 99123 18.809009 reſ 


— ⅛ m 


To Tan Ang A 35 90 9.847 To the Hypab. 1198 3.07800 


By. G U,N-T:R R. 


5 © The Extent from 690 to 980 on the Line of Numbers, will reach 
from Radius (or 45 Degrees) to 54.51 on the Line of Tangents.” 
2 2dly. © The Extent frem Sine Angle A 35 Degrees ꝙ Minutes 
to Radius, (or go Degrees) will 55 from the "Baſe 690 to che 
Hypothenuſe 1198, on the Line of Numbers. FO OR 


- 
- % & a. * * 8 +. 
3 - 
1 a 3 2 OY A 
. 4 Is * » bs cet . i & 
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OBLIQUE * TRIGONOMETRY. 


PR AXIOM: II. 


N all Plane Triangles, the Sides are in ited Progrladi's to . 
Sines of their WO Angles. “ 


ASR l. 


Two PETR and one Side given, to 1 either of the be I = 5 | 


The Angle BDC 101? 25, and CBD 44 42), and OR 
BC 76 8 te find the Sie & D and B D. 


F 


"Far _ the. Conſtruction ſee 
Problem X. in GrouErur. 


4 


| The Proportion by Axiom IL. will . 


To find DC. 
As Sine 1 Ion 5 — — 9.9 — 
Is to the Side BC 76 EE. —— 80 1.88081 
So is Sine Angle B 44" TO n 21 4 OE 
55 sd 5 3 {i a Acorn. on r is 1172801 
ED he | | 9.99132 
To — © 54-53 pe 2 - - 5 ; | — e 
»Let the Triangle A * 0 5 circumſertb'd with a mt .C 5 


Circle, its plain, that each Side becomes a Chord to its 
reſpective Arch; from hence, as the Chord of the Arch 


AC is to the Chord of the Arch C'B, ſo ae A 
AC to the Side CB. +1 þ 


%/ 3 


. — 

Now it has been * that half 5 Chord i is "thi Sige of the Arch ſub- 
tended by that Chord; therefore in the Triangle ABC, the Sines of the 
Angles will be as the Halves of their oppoſite Sides; and fince the Halves | 
are as Wholes, it follows, that the Sines of the Angles are as their oppo- 
bite e that 1 is A O: Cc 3 * Sine AR; B: 40 Sine 8 A, ae. 


To 


32 OBLIQUE TRIGONOMETRY.- 
To find BD. © | 4 e ws 
As Sine Ang. D 10125 9.991 32 The sum ofthe Angles D & B 140 146.7 


"I TheSupplem of the 91 . ED 
BT GUN TER. - 


44 42 on the Line of Sines, that Extent will reac from the Sige 

BC 76, to the Side DC 54.53 on the Line of Numbers.” 

Adly. Extend from the Supplement of Angle D 78* 35. to 8 

ele C 33 53 on the Line of Sines, that Extent will reach from the 
Side BC 70, to the Side BD 43: 23 on the Line of Se ned 


CASE II. n III. 


Two Sizes = an Angle oppoſite to one of 85 given, 10 2 th 
other oppoſite Angle and third Side. + 


f Tue, Side BC 106, DB, 65 Miles, and the 5 BCD 
Fae © given, to find "the Angle BD C obtuſe, and the Side 


; | Tor the Construction ſee Problem. 
1 in GEOMETRY. 


1 he Proportion by Axion II. will be, 


Is to the Side B C76 1.88081 ebe 
8a is Sine Ang. C3353 9: 74925 ES tc 7". Bow 80,0 
nl | Subtract 146.7 
11. "A: K | 
| 9.99132 The RemainderintheAngle 53.53 33-53 
To the Side BD 43.23 1.63574 | 180.0 
Ce 101.25 


* Extend from the. Supplement of Angle D 785 35 to fog B 


0 4 To find Angle D. | 
5 4 95 Side B D 65 5 151805 
Is to Sine Angle C 31 407 e 2 72198 
So is the PE. B C 10 — — 2.0253t 
11.724729 
2 | Ht | eh 1.81291 
To Sine Angle D 120? 47 — 8 8 9.93438 


3 \ 44 


oB8LtQuE TRiGONOMETRY. of 


3 To find D C. e FA 180. 5 ay 
as Sine Angle C-31%49/  9:72198 || The Sipplem. 159.17 of Angle B 
foo the _ 6 3 — 4 wp * 
So is Sine Angle B 27.28 9.639 22 120.43 Angle D 
11.47683 || . 
9.72198 || - 152.32 their Sum 
. „ 8 1. 93 
To the Side HC» 56.88 1.25485 152.32 Sum ſubt. 
27.28 Angle B 


ere it may be proper to obſerve, that if the given Angle be 
ofie. os e ſought will be Acute; but ge rs 
Angle is Acute, and oppoſite to a Leſſer given Side, then the re- 
quired Angle is doubtful; whether Acute or Obtuſe; it ought 
therefore to be determined before the Operation, For it's plain the 
above Proportion produces 59 17/ for the required Angle; but as 
it is Obtuſe, its Supplement to 180 Degrees muſt be taken, viz. 


120* 47. 7 rad A legs 
oC GURATER ny 

The Extent from 65 to 106 on the Line of Numbers, will reach 

from 315 40“ to 59? 17/ on the Line of Sine. 
2dly. * The 1 from 31* 49/ to 27 28/ on the Line of Sines, 


o = 


will reach from 65 to 56.88 on the Line of Numbers,” 
„ AX TOM In,. 


In every Plane Triangle it will be, as the Sum of any two Sides 
Is to their Difference, ſo is the Tangent of half the Sum of the Angles 
oppoſite theſe Sides to the Tangent of half their Difference. © 
* Which half Difference, being added to half the Sum of the 
Angles, gives the greater; but if ſubtracted, the Remainder will bs 
the leſſer Angle“. e th „„ 


- 


% 


. Produce the leſſer Leg E B of the Tri A N 


ill be perpendicular to A D, and draw 
EF, which (by 2. 6. Euel.) will be parallel c 
to AC. Then will the Angles ABF ZE 
FBD='3 ABD, which external Angle A F D is (32 1 Eucl.) 
ABC THBCA that is the Sum of the o ofite* Angles required.. 

Then draw B G parallel to CA, ſo will the Angle GA de (by 29: Is 


Tycl.) equal to its alternate one B & C. And if from + the Sum 0 


. ; 1 


34 "OBLIQUE TRIGONOMETRY. 


- & 


A E IV. ap V.. 4 


mo — 


Tuo Sides and their contained Angle . given, to find either of the othar 
Angles and third Side, 4 


The side B C 109, BD 76 Lea es, and the Angle C BD 
ms 5nd the Ang BDC, DCD, SIG 


< 


TS) 


= 


For the Conſtruction ſee 
Problem XII. in GEO TRY. 


. — 1,0% — ca 7 g 
BD 765 — 765 — 101 30 1 add 
their Sum 188 33 their Diff. 78 30 Sum of two An- : 
— — gles D and C 


2 39 5 


oppoſite Angles, you take the leſſer Angle, that is, if from Angle ABF 
ou take the Angle GB A; there will remain the Angle G B F=half the 
Difference of the oppoſite Angles: And fo alſo, it from CE, + the Sum of 
© the Legs, you take CB the leſſer Leg, there will remain B Egg; the Dif- 
| ference of the Legs. And ſince the Angle ABF is Right-angled, if BF 
be made Radius, A F will be the Tangent of the Angle A BF, (that is, the 
Tangent of 3 the Difference of the oppoſite Anples;) and. in the little 
Triangle GB F, G F will be the Tangent of the Angle G B FE, (that is 
the Tangent of half the Difference of the oppoſite Angles): but the Seg- 
ments of the Legs of any Triangle cut by Lines parallel to the Baſe, being 
955 Eucl. 2. 6.) proportional EC: C B:: FA: F G, that is, half the 
Sum of the Legs is to half their Difference, as the Tangent of half the 
Sum of the oppoſite — — is to the Tangent of half their Difference: 
but Wholes are as their Halves; wherefore the Sum of the Legs is to 
their Difference, -as the Tangent of half the Sum of the Angles oppoſite, 
3s to-the Tangent of half their Differene. 


* 14 * * 
W 1 IJ 
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OBLIQUE TRIGONOME TRY; 35; - 


The Proportion by Axiom III. will we | 

| To find the A s D and C. 1 
As the cum of the Sides BC and D=18 oy TION aber 5 
Is to their Difference 2 5185 
So! is Tang. of 3 1 the Sum of aa C ahl D291 37 15 9.91224 


— 


-. = 5 * * WD. yd A " 
2 — _ —— * 2A 


To al Tan. of 2 the DiF. of hs Akio Cand D 8* oy 9. 16358 


To 4 the Sum of the Angles D and C Td — * 5 
Add + the Difference of the Angles Cand D 82 : 
Gives the greater Angle ) 47 32 


— 3 gives the leſſer An C 30 58 


Having the Angtes, the Side is found by Axio l. for 


He it will be, 
To find DC. co 
As Sine An 1 D 47 32) — 9.86786 
Y Is to the Side BC 109 © „ 
So is Sine Hog B 101 30 ES — 2 -991 I | 
* 3 42882885 
; . | 9.86786 
| To the Side D o aue 144 8 : — 2. 16076 
3 F ; 30. =u8 — 
_ By G U N T E R. 
Ni. © The Extent. from 185 to 33 on the Line of Numbers, will 
BE reach from 39* 15{ to 8 17 on the the Line af Sines,” 


Adly. The Extent from Angle D 47 232! to 78˙ 30 (thi _ 
little N of Angle B) on the Line of Sines, will reach from = 
at! Side B C 109 to 144.8, the Side D C required on the Line of 


Numbers. 
AX IO M- IV. 


In any Plane Triangle, as the Baſe or greateſt Side is to the 
K Sum of the other two Sides, ſo is the Difference of the Sides to 
a the Difference of the Segments of the Baſe; made by a Perpen- 
polite, I dicular let fall from the Angle oppoſite to the Baſe. _ | 

ww * And if balf the Difference of the Segments be added to half 
WOES their Sum, it will give the greater Segment; but if ſubtracted, the 
The Remainder will be the leſſer Segment. 


E « The 
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The Triangle being thus cut, becomes two. Right-angle 
Triangles, the' e and Ter of _—_ are en to find 
* n by Axton 15. 31 5 


©; - Tres Sides. given, Zo ad: the Ang. 


The Side BC 105, BD 85, and CD 0 Mil to 
the Angles BDC, BCD, or CBD. e Pe 00 fn 


* EA 


For the Confrudtion ſee e 


NL, i in GEOMETRY, „ 


a 
3 3 „ 8 
4 go £35, by 
4 


' TD he 3 of the two ſhorteſt Sides | 
Tue Difference of the two thorteft gides 35 


The Propordidi by 106 W vin be, 

1 vy 2 find EG 
the Side B C 105 2.02119 27 1 the Half of gr. Side 
the = $5 the Sides BD DC i35 2.13033 3>{halfDiF, o eScy. 


EIB AV EDO 
25 | ＋ßä%•w!;. SHITE 


67440 — 
20 19 2 leſſer Segment. 


Vit of the Sex. of the Baſeor gr Side 455. 6532 


From the Ar le B in the Triangle A 8 C let fall the perpen rpendicular 
BD; on B, as a Centre with the greater Leg B C, as a Radius deſcribe 
the Circle BXCYZ, and produce A'B nay, and CA to Z. 
Then (by 35. 3.  Euchd.) AY»xAXu=zA Sun 23 via. 230 — 

33 * n 5 


Therefore A: CBA: : BC-BAr b 
DC- DA; otherwiſe let the Difference | — 

ö o the Squares of the Sides B C and AB . 5 
ö 1 taken and divided by the Baſe wy 


— 


* 1 o 


— 
Q 


KA 
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Having divided the Right-angled Triangle into two Right-angled 
Triangles, the Hypothenuſes and Baſes of which are CO to find 
the Angles * M I. as follows: 8 


nd An gle B D A. . 
As the HypothenoſeBD D — 8 3 99 „ | go? ff 
Is to Radius -- -- 1000000 .. ' | 61 56 
501 is the greateſt gegment 75 1.87506 — 
—— leare⸗ Angie B 28 4 
s 11.87 50 | — 
2 92942 5 | 9o © 
3 306 53 
To Sine Abge- D 45 — 61 56 9. 94564 — 


=. le c. 
To find Angle ABC. hs Ang e 2 "Is 


| As the Hypotbenuſe DS 30 1. 1. 69695 Co. Ang. BDA 28 4 
T6 to Radivg TTT 10.00000 Com. Ang. ADC 533 


So is the leſſer Segment Ac 30 1.4772 —— 
11. 47712 i £ — 

1.69897 . 180 0 

—— 8um 811 
To 1 Angle AD C 50. 53 9 8 . — 


B v GUNTER. 


nn? The Extent from 105 to 1 35, will reach nein 35 wav on 
the Line of Numbers. 
Adly. The Extent from 85 to 75 on the Line of Numbers, will 
Ra. from Radius to 61? 56', the Angle B DA on the Line of 
ines. 
3dly. © The Extent from 50 to o on the Line of Numbers, will 
ſeach from Radius to Angle A D oy 36" 5 on = 138 Is Sines. 
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DEFORE we begin Navigation, it may not be improper to give 
the Learner ſome Idea of the Syſtem of the Univerſe, com- 
monly called the Solar, or Copernican Syſtem, which is as follows: 
| The Sun, that immenſe and amazing Globe of Fire, the Foun- 
tain of Heat and Light of the whole Syſtem, is placed near the 
common Centre of the Orbits of fix opaque Spherical Bodies, 
which make their Reyolutions round it in leſs or more Time, ac» 
.- cording to their Diſtance from it. | TT 
Mercury is neareſt to the Sun, and receives its Light and Heat 
from it, and revolves round it in an Ellipſis in two Months aud 
twenty-eight Days. + Jͤ ĩͤ 6. 17 of 
Janus is fomewhat higher in the Syſtem, and defcribes its Ellipſis 
round the Sun in 7 Months and 15 Days, and becomes our Evening 
and Morning >tar by turns. . | | 
The Earth is next to Venus, and deſcribes an Ellipſis round the 
Sun in 2654 Days; or one Year, which being at a greater Diſtagce 
From the dun than the former Planets, and therefore receiving fels 
of its Light and Heat, to make up the Deficiency, the wiſe Author 
of Nature has cauſed a ſecondary Planet called the Moon, to move 
round it in 27 Days, 12 Hours, and 44 Minutes; it receives its 
Light and Heat from the Sun, and reflects it upon the Earth, which 
in ſome Meaſure compenſates for the Abſence of the Sun in the 
W inter Seaſons in the North and South. V 
AHars is ſtill higher in the Syſtem, and takes a larger Circuit, re- 
volving round the Sun in 1 Vear, 10 Months, and 22 Days. 
| Jupiter is the largeſt of all the Planets, and deſcribes a large 
Ellipks round the Sun in 11 Years, 10 Months, 27 Days, and has 
ſour Satellites or Moons mo ing round h m, whoſe Light they re- 
ceive from the Sun, and reflect it upon him as the Moon does upon 
the Earth. | | | 
Saturn is the moſt remote of all the Planets, revolving round the 
Sun in 291 Years, has 5 Moons which move round him, and is 
_ alfo ſurrounded with a pr-digio:'s Ring or Atmoſphere. : 
The Fixed Stars ar: ſuppoſed te be of the ſame Matter with the 
Sum, and made for the ſame ifnds ; each of them, the Centre of its 
own proper Syſtem, having Planets moving round it as our Sun has. 
| | | Comets 


Eau ſuaeus. 


0 ll i 
i , / 
1 * f / 
i * WHT % 
77 7 70 „5 
1 i 14 Pet / 7. 
i 0 | 4 "ll „ 
„ , 0 


TH 
„1% , 
il 4 i b „ i 
[LF ERC 


\ 
\ 
1 1 
l v 
7 Aue 
Ae +» Ik 111 
. \ on ih, 
1 1 
ith” 1 \ 
by ol \ e eee 
als | i\ 
\ i ö 14 l 
Y n _ 
4 1 9 
1 
iN N 
[8 
Wt 
i 
b 1 
41! ' 
: 1 1 
| 1 
i nhl * 
vn NU 
) VOL RT 
} 
| \ 
i [ \ 
[ 1 


An Introduction to the Art of NAvioATIO . 39 


Comets are a Sort of Planets moving round the Sun in Ellipſes ſo very 
| eblong, that their viſible Parts ſeem to he in a Manner Parabolical; 
but have ſuch vaſt Atmoſpheres about them, and Tails derived fcom 
the ſame; efpecially when they come near the Sun, as imply them 
deſigned for very different Purpoſes from the other Planets,  _ \ 
| Having given a — View of- the Syſtem of the Univerſe, wa 

ſhall now conſider the Earth' a little more particularly ; a.perfe& 
Knowledge of the Figure and Motion of. which, with the various 
real and imaginary Lines upon it, is abſolutely neceſlary in the Art 
of Navigation. ITN Ts | 

The Land and Water of this Earth or Planet upon which we live, 
make a Compoſition of a Spherical Form, or rather an Oblate Fi- 
gure, called the Terraqueous Globe, which turns once round its 
Axis in 24 Hours, from Welt to Eaſt, and, thereby, cauſing all the 
Heavenly Bodies to revolve apparently from Eaſt to Weſt in the 
ſame time, making the Viciſſitudes of Day and Night; and this 
Earth, together with its Moon moves round the Sun in 1 Year, or 

65 Days 6 Hours nearly, producing the Seaſons of the Year, 
patter, Summer, Autumn, and Spring. EN. 

That the Earth:is round, or nearly fo, will appear, not only from 
the Circular Shadow it has upon the Moon when that Body hap- 
pens to be eclipſed by it, but alſo from the very Appearance of the 
Sea; and the many Obſervations made by Perſons ſtanding upon 
the Shore, and viewing a Ship departing from the Port; they firſt 
loſe Sight of the Botton of the Veſſel, whilſt they can itil] ſee the 
Rigging and Flags at the Tops ; but as the Ship recedes farther, 
they loſe Sight of thoſe alſo, as if the Whole were ſunk into the 
Deep. Likewiſe, in a Ship making to Land, the Mariners firſt 
deſcry the Tops of Steeples, Trees, &c. pointing above the Water; 
next, they ſee the Building themſelves ; and laſtly, the Shore, which 
can only be the Effects of the Earth's Rotundity. + 

Its being a Globe, is alſo confirmed by the many Voyages which 
have been made round it, from Eaſt to Weſt: Firit, by Magellan's 
Ship in the Years 1519, 1520, 1521, in 1124 Days; by Sir Francis 
Drake, in the Years 1577, 1578, 1579, 1580, in 1056 Days; by 
the late Lord Anſon, in 4 Years; and lately by the Captains e 
Carteret, Cook, and Clark, accompanied with ſeveral able Ma- 
thematicians and Naturaliſis, whoſe Obſervations and Diſcove- 
ries do. Honour to this Nation, as well as greatly contribute to 
the Improvement. of Geography and; Navigation, they having diſ- 
covered many Iſlands in the South Seas hitherto unknown to Eu- 
Topeans. : 

The little Uneveneſſes of the Earth's Surface, ariſing from the 
Hills and V ales, is no material Ohjection to its being conſidered as 
_ round; 


"6 


about the 23d of September, then making equal 
_ throughout the World. 
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round; ſince the higheſt Hill or Mountain bears not ſo great a Pro- 
portion to the Bulk of the Earth itſelf, as the little Riſings upon the 
Coat of an Orange, bears to the Bigneſs of that Fruit 
In order to deſcribe the Poſition of Places, Geographers have 
found it neceſſary to imagine certain Circles drawn upon the Sur- 


face of the Earth, to which they have given the Names of Equa- 
tor, Meridian, Horizon, Parallels of Latitude, &c. =o 


I. The Axis is a firaight Line, imagined to paſs through the 


Centre of the Earth ; the extreme Points are the Poles, on which 


the Earth is ſuppoſed to move, one called the Artic, or North Pole, 
and the other the Antartic, or South Pole. | 5 
II. The Equator is a great Circle under the Equinoctial Line in 
the Heavens, compaſſing the Earth in the Middle, between the two 
Poles, and divides it into two equal Parts, called the Northern and 
Southern Hemiſpheres : From it the Latitude of Places is reckoned 
either North or South; and on it is counted the Degrees of Longi- 
tude from Eaſt to Weſt. This Circle is called Equator, becauſe 
when the Sun comes to it, which is twice a Year, viz. about the 
21ſt of March, at his Entrance into Aries, and again into Libra 

2 and Night 


III. The Meridians are Circles which paſs through the Poles of 
the Earth, the Zenith and Nadir; croſſing the Equator at Right 
Angles, and divides the Earth into two equal Parts, one Eaſt and 
the other Weſt; and is ſo called, becauſe, when the Sun comes to 
the Meridian of any Place, it is then Noon or Mid-day. They are 
infinite in Number; for all Places from Eaſt to Weſt have their ſe- 
yeral Meridians ; of theſe one is called the f or chief Meridian, 
from which the Longitude of Places is reckoned; it is of ſpecial 
Note and Uſe, but variouſly placed by (Geographers, ſome placing 
it at London, others at Paris, Teneriff, &c. and is divided into twice 
90 Degrees, numbered from the Equator towards each Pole ending 
in $6 Degrees. And ſince the Earth turns once round its Axis in 
24 Hours, every Point upon its Surface deſcribing a Circle of 360 

egrees in that Time, therefore any Place lying 15 Degrees to the 
Fell of us, has the Sun upon its Meridian one Hour ſooner ; or it 


As twelve o'Clock with the Eaftermoſt, when it is eleven with us; 


And any Place 15 Degrees to the Weſtward of us, has the Sun one 


Hour after us. — | | . 

IV. Latitude is the neareſt Diſtance of any Place from the Equa- 

tor, it is meaſured on an Arch of the Meridian intercepted between 

the Place and the Equator, and therefore can never exceed go De- 

dr It takes its Name according as the Place is ſituated, either 
orth or South of the Equator; therefore all Places that lie at 


the fame Diſtance from, and on the ſame Side of the Equator, _ 


called the Nadir. 
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 Faid to be under the ſame Para'lel ef Latitude. Whenoe it fol- 


Jows; that if 4 Ship ſails from a North Latitude directly North, 


or in a South Latitude directly South, ſhe increaſes her” Latitude 


equal to the Diſtance ſailed; and if a Ship ſails in Norch Latitude 
Southerly, or in South Latitude Northerly, ſhe decreaſes her La- 
titudez becauſe ſhe fails nearet to the Equator; from hence the 
Latitude is counted upon the Meridian: But if a Ship ſails from 
a South Latitude Ines a Northerly one, or from a North Latitude 
into a Southerly one; from the Difference of Latitude ſubtract the 
Latitude left; and the Remainder will be the Latitude come toy 
ny 


and of a different Name with the Latitude left 


- Parallels of Latitude are Circles Parallel to the Equator, 
The Difference of Latitude is an Arch of the Meridian con- 
tained between the two Parallels of Latitude; er it is the leaſt 
Diſtance of the Parallels of Latitude of two Places: ſnewing 
how far one of them is to the Nerthward or Southward of the 
other; and can never exceed 180 Degrees... 
V. The Longituade of any Place on the Earth is expreſſed by ar 
Arch of the Equator, ſhewing the Baſt or Weſt Diſtande of 
Meridian of that Plate, from ſome fixed Meridian where Longi- 
tude is reckoned to Begin. 49 828 
Difference of Lingitude is an Arch of the Equator, intercepted 
between the Meridians of two Places, ſhewing how far one of 
them is to the Eaſtward or Weſtward of the otherr 
As Longitude begins at the Meridian of ſome Place, and is 
counted from thence both Eaſtward and Weſtwatd, till it meets at 
the ſame Meridian on the oppoſite Point ; therefore the Difference 
of Longitede can never exceed 180 Degrees. 5 
VI. The Horixon is that apparent Cirele which limits or bounds 
the View of a Spectator on "the Sea, or an extended Plain; the 
Eye of the Spectator being always ſuppoſed the Centre of his 
Horizon, Every Part of this Circle is go Degrees from the Cen- 


% #4333 & 


tre of it over our Heads, which Point is called the Zenith; and 


the Point of the Heavens oppoſite to it, or under our Feet, is 
When the Sun or Stars come above the Eaſtermoſt Part of- 
the Horizon, they are ſaid to riſe; and when they deſcend the 
eſtern Part, they are ſaid to ſet; N | 
When a Ship is under the Equator, both the Poles appear in 
the Horizon, and in Proportion as ſhe ſails towards either, or in- 
creaſes her Latitude, that Pole is ſeen proportionally above the 
Horizon, and the other diſappears as much; but when a Ship is 
ſailing towards the Equator, or decreaſes her Latitude, the de- 
preſſes the elevated Pole; that is, its Diſtance from the _ 
| F 


dern 


Sun. 
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decreaſes: conſequently the Latitude of a Place is always equal 
to the Elevation Pole above the Horizon. „ e 
This Cirele is repreſented by the Mariner's Compaſs, divided 
into 32 Points or Rhumbs, each 11515“. e un 
Tus Tropics are two Circles parallel to the Equator, and diſtant 
from it 23 Degrees 29 Minutes; that on the North Side of it is 


called the Tropic of Cancer, at which the Sun has its greateſt 


North Declination; then making to us, and all Places in North 


Latitude, the longeſt Day and ſhorteſt Night, which is about the 


21ſt of June. The other on the South Side is called the Tropic 
of Capricorn, at which the Sun has its greateſt South Declination, 
making then our ſhorteſt Day and longeſt Night; which is about 
the 22d of December. 2 | 195; nile Cos 
. The Polar Circles are alſo parallel to the Equator, compaſſing the 
Poles of the World at 23 Degrees 20 Minutes Diſtance; that 
About the North Pole is called the Artic Circle, and the other is 
called the Antartic Circle. 7 | 5 


©: Theſe Fropics and Polar Circles divide the Globe of the Earth 


into 5 Parts called Zones, of which 3 were accounted by the An- 
cients to be ſo intemperate, as to be uninhabitable ; the Zones 
are called Torrid, Frigid, and Temperate ; that is, 1 Torrid, or 
{Burning Zone, 2 Temperate, and 2 Frigid, or Frozen Zones, 


The Torrid Zone is all that Space of the Earth and Sea which 
lies between the Tropics of Cancer and Capricorn, and is 47 De- 


grees broad; its Inhabitants ſee the Shadow of the Sun turn 
zometimes towards one Pole and ſometimes towards the other. 
Tbe Tivo Temperate Zones are thoſe Spaces of the Earth and Sea 
containcd between each Tropic and the Polar Circles; the Inha- 
{bitants of the North Temperate Zone have their Shadows at 
Noon fall North, and thoſe of the South Temperate Zone have 
their Shadows at Noon fall South. | 

The Two Frigid Zones are contained between each Polar Circle 
and its Pole; thoſe who inhabit them have their Shadow always 
turning round them, according to the different Motions of the 


Climates are thoſe Tracts of the Earth bounded by imaginary | 


Lines running parallel to the Equator, and of ſuch a Breadth 
from South to North, that the Length of the Artificial Day in 


one, ſurpaſſes that in the other by Half an Hour. 
The Inhabitants of the Earth are diſtinguiſhed by the ſeveral 
. Meridians and Parallels under which they live, and are denomi- 


nated either Periæci, Antiæci, or Antipades. 
. The Periæci are thoſe People of the Earth who live under the 


lame Parallels, but oppoſite Meridians. 790 
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ne Antiæci are thoſe People of the Earth who live under the 


ſane Meridians, but oppoſite Parallels, 5 N 

The Antipodes are ſituated _— oppoſite to each other, the. 
Feet of the one directly againſt the Feet of the other, lying under ' 
oppoſite Parallels and oppoſite Meridians. It is ave: my, with 4 
one when it is Noon Day with the other; the longeſt Day with 
the one is the ſhorteſt with the other; the Length of the Day 


W with the one is equal to the other's Night; and the Seaſons are 


oppoſite, being Summer with the one when it is Winter with the 
other. 4 ENES WW | 


The Real Parts are Earth and Water, is general divided into 
four Parts or Quarters, called Europe, Aſia, Africa, and America; 
each of theſe, and conſequently the whole Globe, is divided into. 
Continents, Iſlands, Seas, kke. WS 
A Continent is a great Quantity of Land not divided by the Sea, 
wherein are ſevera] Empires, Kingdoms, and Countries conjoined, 
as Europe, Aſta, and Africa is ane Continent, and America another. 

An Iſland is a Part of the Earth that is environed or encompalled. |. 
round by the Sea, as Great-Britain and Ireland. | : 

A Peninſula is a Part of Land almoſt ſurrounded with Water, 
fave one narrow Neck of Land which joins the ſame to the Con- 
tinent. 15 
An I/thmug is a narrow Neck of Land joining the Peninſula to 
the Continent, by which People may paſs from one to the other. 

A Promontory is a high Part of Land ftretching itſelf into the. 
Sea, the Extremity of which is called a Cape or Headland. _ - 

A Mountain is a riſing Part of dry Land over-topping the adjas. 
cent Country, and appearing firſt at a Diſtance, | 2 
The Earth being encompaſſed with Water, whoſe Wafhings in 
ſurrounding the dry Land, cut and ſhape many winding Bays, 
Creeks, and meandering inlets, and extending itſelf round them 
a}l, is but one continued Ocean. 1 
An Ocean is a vaſt Collection of Salt Water, ſeparating Conti 
nents from one another, and waſhing their Borders or Shores, _ 

A Sęa is Part of the Ocean, to which we muſt fail through 
ſome Strait, as the Mediterranean and Baltic Seas 

A Strait is a narrow Part of the Ocean, lying between twa 
Shores, and opening a Way into ſome Sea, as the Straits of 
(:braltar that lead into the eee Sea, and the Sound, 
which leads into the Baltic Sea. | 8 
A Creek is a ſmall narrow Part of the Sea or River, that goes up 
but a little Way into the Land. Eid 
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A Bay is 4 gleat Inlet of the Land, as the Bay of Per wk the 
Bax e, Mexico otherwiſe a wth is a Station or Road Ships e 
anchor in. 
A River is 2 clnfderyble Bekam of Water iſſuing out of one or 
various Springs, and ebntinually gliding along in one or more. Chan- 
nels, till it diſcharges itſelf i into the Ocean : The leſſer Streams are 
called Rivulets, 
A Lale is that which continclly retains and keep Water i in ity 
as the Lake Zair, in Africa, and Nicaragua, in America. 
A Gulpb is a Part 81 the Ocean or Sea, contained between two. 
Shores, and is every where environed by Land, except its En- 
t. ance, where. it communicates with, other Bays, Seas, or Oceans. 
There ate five Oceans, namely, the Nerthers, the ne the 
Pacific, the Indian, and the Southern. 
he Atlantic Ocean is uſually divided into two Parts, one called 
the 2 Atlantic Ocean, and the other the Sough Atlantic or Ethi- 
ic Ocean... + 
1 The Northern * ſtretches to the Northward of Euch, Aja, 
and America, towards the North Pole, 
The Atlantic Ocean lies between the Continents of Europe and 
ew on the Eaſt, and America on the Weſt. 
Tbat Part of the North Atlantic Ocean lying between Europe 
and America, is frequently called the Weſtern Ocean 
The Pacific Ocean;'or, as it is ſometimes called, the South ths. 
is bounded by the Weſtern and North-weſt Shores of America, 
and by the Eaſtern and North-eaft Shores of“ GET... 


The Indian Octan waſhes the Shores of the 8 Coaſts of | 
va, and the South of Aſia, and is bounded on the Eaſt by the 


#306 Iſlands and the Southern Continent. 
The Southern Ocean extends to ho Southard of Africa and 
dmefica joints the South _ eve? ook: 


WAVIGATION. 


2 

E great, eat Er and Buſioeſs of N is to nftru 
5 the Mariner how to conduct a Ship through the wide and 

| pat eſs Ocean, to the femoteſt Parts of the 'W 
and ſhorteſt Way; in Paſſages navigable. 
For the' due and regular Performance of which are requiſite— 
a perfect Knowledge of the Figure and Motion of the Earth, 
the —_—_ 1 55 85 imaginary Lie 4275 * ſo as to en to 
| e certain 


orld, the ſaſeſt 
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aſcertain the real Diſtance and Situation of Places with reſpe& to 
one another, with the Uſe of the ſeveral Inftruments made uſe of in 
- meaſuring the Ship's Way ; ſuch as the Log, Half-minute Glafs, 
Quadrant, to take the Altitude of the Sun and Stars; Compaſs, to. 
_ repreſent the ſenſible Horizon; and Azimuth Compaſs, to take the 
Azimuth or Amplitude of the Sun, in order to know the Variation 
of the magnetic Needle; Maps or Charts of the Seas and Lands, 
together with the Depth of Water, and the Times and Settings 
of the Tides upon the Coaſts ke may have occaſion to approach 
near; a competent Knowledge of Currents; of the Mould and 
Trim of the Ship, and the Sail ſhe bears, that ſo due Allow-. 
ance may be made for Lee-way: By Help of theſe, and Skill 
in the Navigator, he may know ax all Times the Place the 
Ship is in, which way he muſt ſteer, and how far, to gain: 
his intended Port. | : 7 Hs 
Notwithſtanding what has been ſaid, it may not be improper 
here to obſerve, that, : __— 
As Latitude is counted from the Equator upop an Arch of the 
Meridian, North and South, the Difference pf Latitude between 
two Places, both North or both South, is found by ſubtraQting 
the leſs Latitude from the greater; but if one Latitude be 
North and the other South, the Difference is found by adding 
both Latitudes together. „ 8 
Conſequently, if a Ship in North Latitude fails Northerly, or in 
South Latitude Southerly, ſhe increaſes her Latitude; but in North 
| Latitude failing Southerly, or in South Latitude failing Northerly, 
j ſhe decreaſes her Latitude; becauſe ſhe ſails nearer to the Equator, 
from whence the Latitude is reckoned,  _ is 
| Wherefore in North Latitude ſailing Northerly, or in South La- 
d titude ſailing Southerly, the Difference of Latitude added to tht 
7 Latitude left, gives the Latitude in. 8 8 | 
In North Latitude failing Southerly, or in South Latitude ſailin 
Northerly, the Difference of Latitude ſubtracted from the Latitu 
left, gives the Latitude in. : 9 5 . 
When the Latitude decreaſes, and the Difference of Latitude is 
greater than the Latitude failed from, ſubtract the Latitude left from 
the Difference, and the Remainder will be the Latitude in, and of 
a different Name ; for it is plain in this Caſe that the Ship has 
croſſed the Equator.” 5 . 
As the Longitude is counted from the firſt Meridian Eaſt and Weſt, 


until it comes to the oppoſite Meridian, therefore it cannot exceed 
180 Degrees. | 4 : | | 


0 


— || _ The Difference of Longitude between two Places, being both, 
th, Eaſt or Weſt, is found by ſubtrading the leſs Longitude * 
et B . ia e 
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the greater; but if one be in Faſt Longitude and the other in Weſt, 
their Sum is the Difference of Longitude. | 
I herefore in Eaſt Longitude Giling Eafterly, or in Weſt Lon- 
Poe ſailing Weſterly, the Difference of Longitude added to the 
ngitude left, gives the Longitude in. | 
In Eaſt Longitude failing Weſterly, or in Weſt L ohgitude ſail- 
ing Eaſterly, the Difference of Longitude ſubtracted from the Lon- 
gitude left, gives the Longitude in. 
When a Ship ſails Eaſt or Weſt until ſhe paſſes the bete Me- 
ridian, or 180 Degrees, ſhe changes her Longitude, or comes into 
ALongitude of a different Name. 
W hat has been ſaid, will be rendered familiar to the Learner by 
F the following Exam Jes. . 
CO Exaur. I. What is the Difference | Exaur. U. A Shi ip from Latitude 
0 


of Latitude, between London in | 29% 17/8. ſails Southward until 
Latitude 51 32 N. and Rome in | her Difference of Latitude be 
Latitude 41* 54/ N. 374 Miles, what Latitude is ſhe 


| Brom London's Lat. 33 3 N. come to? 
ubtract Rome's Lat. : 54N. (Latitude failed from 2178. 
- Rem. the Diff. of Lat. 65 : 38 | Diff. of Lat. 47460 6 : 14 S, 


pe — Lat. in 2 35 318, 
Diff. in Miles — 578 x 


Exaur. III. Required the Differ- | ExaMr. IV. A Ship from Latitude 
ence of Latitude between Cape | 8 25/ N. fails South 600 Miles, | 
Finiſterre and Cape Rogue in what Latitude is ne in? i 


South America? | From Diff. of Lat. 660 
Cape Finiſterre's Lat. 43 : 13N. | Miles, or  —— 10: 008, 
Cape Rogue's Lat. 5: 00S. | Sub. Lat. left 8:2 5N. 
Diff. of Lat. „ 3 — ; 
| | 60 Diff. Lat, in 12 35K. 
bit. in Mites WM 2893 1 e ok : 
In the laſt Exam. it is plain, that as the Dif. of 1 Lat. is more than the 9 
Lat. left, the Ship muſt have croſſed the Equator, and conſequently come 2 
into South Lat. Note, When one of the Places has no Lat. or is on the v 
Equator, then the Lat. of the other Place is their Dif. of Latitude, © a 
Exaur. V. What is the Difference | Examy. VI. A Ship from Ca ape I 
of Longitude between Cape Fi- Charles in Virginia ſails We D 
neſterre and Antigua? | ward till hex Difference of Lon- 0 
Cape Fineſterre's Long. 9: 26. 5 gitude be 400 Miles, what Lon- T6 
Antigua's Long, 52 5oW. 0 22 mo * 3 8 | 
1 vs | Sape Charles Long. 7 
„ ds „ Di. fL.qooMilez 6: 45 
dir. of Lon, in Miles 3204 Long. in 82: 47W, 


— — — 


Exam, 


,“ 


Liſbon's Long. Fon 9 {Þ 3W. | 
Diff. of Long. in I; 21 - 


Diff. of Long 150 2/445 é BP; LEN 
— 1 Here it is plain chat the Ship has 
| croſſed the oppoſite Meridian, and 
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Exanb. VII. What is the Differ- 


celona and Liſbon? _., 
Barcelona's Long. 5 2 18 E. 


Ex aM. IX. What is the Differ- 
ence of Longitude between the 
N. E. Point of Japan and St. 

Cine 2 >< A 

N. Po. of Japan's L. 140 1 25 E. 


ence of Longitude between Bar- 


1 


A T ron 6 


ExAur. VIII. A Ship from 155% 

400 E. Long. ſails Weſtward till 
her Diff, of Long. be 27 15, 
od what Long. is ſne in? 


Long. left 15: 4 EK. 
"Diff. of Long. n 27 : 15W3 
| Long. in . 


— — — 


Exaur. X. A Ship from Longitude | 
160200 W. fails Weſtward un» 
til ſhe differs her Long. 41? 200 


what Long. is ſhe in? 


— 


Exceeds 180? oo 203: I * 


360 : 0 


7 


* 


= 


| Long, leſtt 160: 20W. 
7 0 N : 2 $ \ 3 — — 
— — — 28 40 
| 360: 00 
| 5 — —v—u. — 


Long. in 158: 20E. 


therefore has come into a Longi- 


| tude of a different Name. 


In ſailing due North or South, the Ship changes Ker Latitude 


only; and failing Eaſt or Weſt her Longitude; but ſailing u 
other Coutſe, ſhe muſt change both Latitude and Longitude. 


pon any 


ang or Weſting in Plain Sailing is called Departure or Me- 


ridian Diſtance, 


Log. 


* 


The Inſtrument uſed in meaſuring a Ship's Way at Sea, is the 


Ships at Sea are directed from one Place to another by Means of 


an Inſtrument called the Mariner's Compaſs. | | 
The 'Mariner's Compaſs is an Artificial Repreſentation of the 


called a Card, 


Horizon of vey Place 4 the Means of a Circular Piece of Paper, 
ivided like tne Horizon into Degrees and Paints, 


which are called Rhumbs, Now the Card being properly fixed ta 


a Piece of Steel, called the Needle, that has been touched with a 
Loadſtone (whoſe Property is ſuch as to cauſe. one End of the 
Needle ſo touched, to point towards the North when tutning freely 
on ſomething ſupporting it) all the Points of the Card will be di- 


rected towards the correſponding Points of the Horizon, 


The 
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6 Þ aur SAILING is the Art-of TEEN Ih ang 2 ſhip 
upon Principles deduced from the Notion of the Farth's 
being an extended Plane; and is no more than the Application of 
Plane Irigonometry to the Solution of the ſeveral Variations, or 
Caſs ; where, the Hy pothenuſe, or longeſt Side, is always the 
Rhumb that the Ship ſails upon. 
be Perpendicular is the Difference of Latitude coynted on the 
Meridian, and the Baſe the Departure: which is either ine or 
Meſting; counted from the Meridian. 

The Angle oppoſite the Baſe is the Courſe, or Angle, that the 
Ship makes with the Meridian; and the Angle oppoſite the Per- 
pendicular is the Complement of the Cqurſe, which being taken 
together, make always eight Doinzs or Rhambs, which is go | 

1 rees. 
Ihn conſtructing Figures relating to a Ship' s Courſe, let the upper 
3 pat of the Paper, or what the Figure is drawn upon, always re- 
preſent the North; the lower Fart will be the South; ; the Right 
1 955 Eaſt; and the Eeft Weſt. 
Draw the North and South Line to repreſent the Meridian Fe” the 
Place the Ship ſails from; then if the Ship's Courſe is to the South- 
- _ ward, mark the upper End of the Line for the Place failed 
_ frofn ; ws but if the Courſe ! is Northward, mark the lower End for 
„ 
my hen the Sous is Eaſterly, deſcribe the Arch, and lay off 
th Courſe and Departure on the Right Hand Side of che Meridian, 
Is | but when Weſterly on the Left Hand Side. 
3 hen the Courſe is pres in Degrees, the Degrees exprefling i it 
"= muſt be taken from the Line of Chords ; but when in Points from 
the Line of Rhumbs; and is always to be Jaid off upon the Arch, 5 
beginning at the Meridian. 9 7 
IV hen the Courſe is given in Points, it may be ſet down with i its : 
| correſponding Logarithm in Points in the Ca culation, as found in 


te firſt Page of the Logarithms, without reducing it into Degrees, A. 
* as it 1 0 altogether unneceſlary. 4 Is 
In al | Caſes, wherever the Complement Courſe i is uſed, the De- So 


5 or Points put down is the Courſe itſelf; yet the Logarithm 
a longing to the * of that Comes is taken. 


can © 


| "Ss and Dian eg given, to fad the Differenc 7 Latitude and 


by making each _ Ra- 


PLANE SAILING xi 


e A 8 E 1. 


* 


Departure from the Meridian. 5 


Suppoſe a Ship from the Lizard in the Latitude of 49 577 North, 
ſails $ I by W. 496 Miles ; required the PINES come wo. and | 
her Depicking from the Meridian ? 


br PROJECTION. 


Draw the Meridian or Difference of Latitude ; with the Chord 
of 60" in your Compaſſes, and one Foot in C, deſcribe an Arch, 
take 56˙ 15' or 5 Points in your Compaſſes, and lay off that Diſ⸗ 
tance upon the Arch from B C towards C A; through the Point 

where it cuts, draw the Diſtance C A; upon which ſet off 496 : 
from A let fall the Perpendicular A B the Departure; and it is done. 
For A B being meaſured,on the ſame Scale that AC was, will givs 
the Departure 412.4, and B C 27 5 6 the Diff. of. Lat. 0 


8 > 


The Calculation is the ; 
ſame as Problem I. in | 
"TRIGONOMETRY. 

I ſhall work this Caſe 


dius. 


A 


2 8 Th ; : EG . B 
By making the Departure Radius, the Proportions will be, 


The Courſe being 5 Points=56® 15/ 
To find the Departure; 


A Sec. Com. Cou. Dy Pts. 10.08015 


8 to the Diſtance 2.09548 
| So is Radius or Bp ts 10.00000 
12.69548 
10. 08015 


To 5 Departure 412.4 2.61533 


—— —ů — 


G2 Now 


The Co-courſe is 4. Pts=33 357 | 
To find the Diff; of Lat. 

As Sec. Com, Con. 5 Pts. 10.0804; 

Is to the Diſtance 496 2.69548 

So is Tan. Co- cou. 5 Pts. 9.82489 


. ; 


12.5203 
10. 88015 


Tothe Dit. of Lats 275.6 2.44022. 
— — 


Now as the Ship is in North Latitude failing Southerly ; from the La- 
titude left, — — — 

Sudtract the Difference of Latitude reduced into Degrees by 4 35 
dividing by 60, bechuſe 60 Miles make a Degree, it wil! —.— 
make the Latitude come to Noretn 45 22 
And her Departure from the Meridian is 412 Miles Weſt 3 


[By making the Difference of Latitude Radius, it will be, 
To find the Diff. of Lat. 0 find the Departure. 
As Sec. Courſe 5 Points 20.25 526 As Sec. Courſe 5 Points 10. 2126 


1s to the Diſtance 495 2.69548 Is to the Diſtance 496 2.69548 


So is Radius 10. oooο So is Tan. Courſe 5 Pts. 10. 175 11 
12.698548 ? 12.870569 
| 10.25526 0.25626 
To the Diff. of Lat. 275.6 2.44022 To the Departure 412.4 2.61533 


By making the Diſtance Radius, it will be, 
To find the Departure. To find the Diff. of Lat. 
As Radius — 10.00000 As Radius 10.00000 
Is to the Diſtance 496 2.69548 Is to the Diſtance 406 2.69548 
$0 is Sine Courſe 5 Pts. 9.91985 So is 8. Com. Cou. 5 Pts. 9.74474 


„ 


12.61 533 12.44022 
| I0.00000 10.000089 
To the Departure 412.4 2.61533 To the Diff. of Lat. 275-6 2.44022 


—ů— — : — —H— — 


Here all the three Sides are made Radius, to find the Difference 
of Latitude and Departure; therefore, the Learner may make 
which Side Radius he pleaſes; but as for my Part, I ſhall make 
the laſt, where the Diſtance is made Radius, whenever the Courſe 


is given. | 

4 Though this Method of working by Logarithms is certain, yet 
the ſame may be wrought by Gunter's Scale, and Compaſſes, much 
more expeditious ; and exact enough in the Practice of Navigation. 
Norz. When the Courfe is given in Points, make uſe of the 
Lines marked Sine Rhumbs, an Tangent Rhumbs on the upper 
_ Side of the Scale; when in Degrees make uſe of the Lines marked 


By 


Sine and Tangent. 


—. 


49* 57. 


VF 


: 
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Now to perform the laſt Caſe, extend from Radius or 8 Points to 


5 Points on the Line marked S R; that Extent will reach from the 


Diſtance 496 to the Departure 412. 4 on the Line of Numbers. 
2dly. Extend from Radius or 8 Points to 3 Points, (the Com- 
plement of the Courſe) on the Line 8 R; that Extent will reach 
from the Diſtance 496 to the Difference of Latitude 275.6 on the 
Line of Numbers. CVVT | 
Thus may all the Operations be performed in the Teveral' Caſes 


of Navigation. 


By this Caſe is calculated the Tables of Latitude and Departure 
for every Degree, Point, and Quarter Point of the Mariner's Com- 
paſs to the Diſtance- of 300 Miles, which is of excellent Uſe in 
working Days Works at Sea, and may be applied both, to Middle 
Latitude and Mercator's Sailing, as ſhall be ſhewn hereafter; we 


| ſhall only proceed now to the Working of the laſt Caſe by the Ta- 


ble of Diff. of Latitude and' Departure, which is called Working. 
By INSPECTION. 


Find the given Courſe at the Top or Bottom of the Tables, 
either among the Points or Degrees, and in that Page, and right 
againſt the Diſtance taken, in its Column, ſtand the Difference of 
Latitude and Departure in their Columns. 1 

Thus the Courſe is S. W. by W. or 5 Points; Wie js found 
at the Bottom of the Table of Difference of Latitude and Depar- 
ture for Points; and as the Diſtance 496 is too great to be found 
in the Tables, divide it by two (or any other convenient Num- 
ber) and that gives 248, which look for in the Diſtance Column, 
and right againſt it ſtands 137.8 for the Difference of Latitude, 
and 206.2 for the Departure, which being doubled, (becauſe di- 
vided by 2) gives 275.6 for the Difference of Latitude, and 412.4 
fur the. Departure, the ſame as before. Any of theſe Methods 
will do, but the laſt is chiefly practiſed at Sea. OT OY 


CASE. 


Courſe and Difference of Latitude given, to find the Diſtance run, and 
5 Departure from the Meridian, 
If a Ship runs S. E. by E. from 1* 45 North Latitude, and 
then by Obſervation is in .2® 50 South Latitude, what is her 
Diſtance and Departure? OE. | A | 


} : - 


GEES 


Now in this Caſe, as the Ship has croſſed the E q * far: there fg 


the Latitude r* 45/ N. added to 2* 5o/ S. is 4* 35/, which multi- 


plied by 60 gives 275 Miles for Nee of Latitude. 


Conſtructed the fame as Problem' 
VIL in Geometry, 
Draw BEC=275, and BA mak- 
ing an Angle with B C=5 Points, © 
or 56˙à15/; upon C erect the Per- 
pendicular C A to join BA in A, 
and it is done; them witl C A=1r2, : 
and AB=4906. 


Courſe 8. E. by E. 5 Pts,= ge 15, Complement 5 Points=35% 46 
To find the Departure. To find the Diftatice. 


S. Com. Cou. 5 Points 9.74474 As $. Com. Con. 5 Pts. 9.7447 
s to the Diff. of Lat. 275 2.43933 Is to the Diff. of 18 275 TAN 


So is S. Courſe 5 Points 9.91985 So is Radius © 10.00000 
12.35918 1243939 
9.74474 974474 


3 Henne 3c | 


To the Departure 411.6 2.61444 To the Diffance 495 2.69455 


Hence the Ship's Diſtance run is 495 Miles, and het Departure 
from the Meridian is 411.6 Eaſterly. a ; — 
8 | 


: By GUNTER: 


Extend from 3 to 5 Points on the Line marked 8 R, that 
Extent will reach from the Difference of Latitude 275 to the 
Departure 411.6 on the Line of Numbers. _ . 

Adly. Extend from Radius or 8 Points to 3 Points, that Ex- 
tent will reach from the Difference of Latitude 275 to the Dif- 
\ tance 495 on the Line of Numbers. ; 


By INSPECTION. 


Find the Courſe among the Points or Degrees, atd the Dif- 
ference of Latitude in its Column, right againſt which ſtand the 
Diſtance and Departure in their Columns. | 
Now as the Difference of Latitude 275 is too great to be found 

mn the Tables, I divide it by 5, and that gives 55, which I find 
- over 5 Points, in the Latitude Column; againſt that ſtands 99 


"Pat teat £4. 
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»&S  4< 


| AS | before. 


CASE M. 1 1 


0 De re from the Meridian given, fo 2 5 Di ance ang 
uf 1 a N Difference of Latitude, fer je 


If'a Ship fails N. E. by E. 3 E. from a Port in 3 I „ South 
Latitude, until ſhe depart from her firſt Meridian 92 wy I 
demand her Diſtance, a and what Latitude B64 is inf SECIS 


Conſtrudted the fame as Problem | 
VII. in Geometry. 0 
Draw AD, upon which erect the 
Perpendicular AB; draw the Line 
AC, making an Angle with A B= 
the Courſe 53 Points or 64? 41/. At 
the Diſtance of 412 Miles draw D G 
arallel to AB to cut AC in C; 1 tke Point C draw 

C parallel to A D to cut the Meridian AB; then will AC 
be the Diſtance 456, and A B the Diff. of Lat. 195, nearly. 


+ 


< +9 y vw 5, ATT 


The Courſe 54 Points = 64 57 The Sen 24 Pts. wel 9. 
To find the Diff. of Lat. Io find the Departure. 
As 8. Courſe 52 Pts. 9. 95616 As S. Courſe 53 Points 9 95616 


Is to the Departure 413 2.01490 Is to the Departure 412 2.61 

af ois 8. Com. Cou. 54 Pts. 9.63099 80 1s Redies. 5 1 e 

ne 1 

II: _— 4 12.61490 

1 9-95616 | 9095616 

if- To the Diff. of Lat. 194+ 8 2.2897 3 To the Diſtance 455.8 2. 57075 
From the Latitude leſttikky — 7 1 
SybtraRt the Difference of Latitude. 195 with — gue * 

if- The Rem. being nothing, ſhews the Ship is on the Equator. @© 00 

5 | B GUNTER. : 
ind ; Extend from 53 Points to 24 on the Line marked 8 R, that; 


99 xtent will reach from the Departure 412 to the D N | 
for rude 194-8 on the Line of Nu « umbers, 2 * * 5 


with one Foot on A, lay the other 


Lag PLANE SAILING: 


2dly. Extend from Radius to 51 Points, that Extent. 'Ww. it 
reach from the Departure 412 10 the Diſtance 455.8 Miles,” 


By INSPECTION. 


Find the Courſe either among the Points or Degrees, and hs 
Departure in its Column, right againſt which, ſtand the Diftancs 
and Difference of Latitude in their reſpective Columbs. 

Thus, with the Courſe 54 Points, and ; the Departure, I find 
228 for the Diſtance, and 97,5 for the Difference of Latitude, 
which being doubled, gives the Diſtance 456, and the Difference 


of ** 195, as before. 


CASE IV. 


Diſtance nd Difference of. Latitude given, to fat the us. al 
Departure. | 


© EY a Ship ſails 490 Miles, between the South and the 
Eaſt, from a Port i in 2 48 South Latitude, and then by Obſer- 
vation is in 7* 23/ South Latitude; what Courſe has he ſteered, 
and what Departure has ſhe made ? 

Prom the 2 by * 7 23 „take 2* 48/, the La- 
titude left, the Remainder 4 35', multiply by 60=2 
L or coal of Difference of pam * — — 
* A 


, Conftruted as Problem vii. in f 
Geometry. 

Draw the Meridian AB=275; 
upon B erect the Perpendicular BC; 
take 496 in your Compaſſes, and | 


on the Line BC; join A and C; 
then will BC be the Departure 412; B 
and the Angle B AC, the Courſe=56' 10” or 5 Points nearly. 


To find the Courſe, | To find the Departure. 
As the Diſtance 466 8 5 69548 - As Radius 10.000 
Is to Radins ' 19.00000 Is to the Daſs fete 2.6954 
So is the Diff, of Lat. 8 2.43933 So js 8. Courſe 56 9.92023 
1 132.43933 1261575 
2.69648 10. o 


ꝓ ä—— — : 0 — __—__ 


i ros Cam. Con $6 207-196 74385 To the Departure 412.8 2.61575 
Hence, the Courſe is 8. E. by E. and the Dep, 412.8 Miles. = 


2 


To 
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The Extent from the Diſtance 496 to the Difference of Lati- 
tude 275 on the Line of Numbers, will reach from Radius or 90 
| to 33? 40/, the Co-courſe on the Line of Sine. | 
And the Extent from Radius to 56? 20! on the Line of Sins, 
will reach from the Diſtance 496 to the Departure 41.8 on the 
Line of Numbers. | FFC 
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Seek in the Tables till againſt the Diſtance, taken in its Co- 
Jumn, be found. the given Difrence of Latitude in one of the fol- 
lowing Columns; and adjoining to it ſtands the Departure; 
which, if leſs than the Difference of Latitude, the Coutrſe is 
2 at the Top; but if greater, the Courſe is found at the 
otto m. VVV ee 105-03 | Enn 
Now with z the Diſtance 248, and 5 the Difference of Latitude 
137.5, look in the Tables till they are found to agree in their ze- 
ſpective Columns, which they do nearly over 5 Points, againſt 
which ſtands 206.2 for the Departure; and being doubled, give 
412.4, neatly as befo re- deer G e 


A 
Diſtance and Departure given, to find the Courſe and Difference of 


| Latitude. f | 
Admit a Ship ſails 496 Minutes between the North and Weſt 
from the Iſland Bermudas in Lat. 32* 25/ North, until her Dep, is 
412 Miles, what Courſe has ſhe ſteered, and what Lat. is ſhe in? 


Note, This Caſe is conſtrufted mnch the ſame as the laſt, 


To find the Courſe, To find the Diff. of Lat. 
As the Diſtance 496 2.69548 As Radius 10. oo 
Is to Radius 10. o0000 Is to the Diſtance 496 | 4-oaggs 
So is Departure 412 2.61490 80 is S. Com. Co. 56? 1 9,74568, 
7 12.61490 . 12.441 16 
1 2.69548 10.00000 . 


To cke 8. of Cou. 56 107 9.91942 To be Diff. of Lat. 276.1 2.44116 


Hence the Courſe is N. 56˙ 10 W. or N. W. by W. 
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To the Latitude ſailed from 32 o 25) add the Difference of Latis 
. tude . or 4 355 , 5 37” A the Latitude the ey is in. 


"7M 


14 
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Extend from the Diſtance 496 to . W "ur the 
Line of Numbers; that Extent will reach from Radius to the Courſe 
565 107 on the Line of Sines. 

2dly. © Extend from Radius to the Complement of the Courſe 
3 50/ on the, Line of Sines, that Extent will reach from the 
* r to che Diff. of Lat. 276 on the Line of Nanbers, 


By - INSPECTION. 


Seek in the Tables eil againſt the Diſtance, 1 in its Colon, | 
be found the given Departure in one of the following Columns; 
and adjoining to it ſtands the Difference of Latitude; which, if 
greater than the Departure, the "Courſe is found at the law but 
If Jeſs, the Courſe is found at the Bottom. | 

Now with + the Diſtance 248, and ++the 11 206, 1 look 
in the Tables, and find them to agree in their Columns nearly over 
5 Points, againſt which is Latitude 137.8, which being doubled, is 

- 275.6, the Difference of Latitude, w as before. 


; CAB EN. 


22 of Latitude and Departure given, to = the Courſe and 
Dis ae! . 


4 


A Ship fails mk the North and Weſt til r en of 
Latitude is 184 Miles, and her Departure is 115 Miles, I demand 
her 1 8 5 and Diſtance ! ? 


2 


A % * Y 


AR! 


Conſtructed as Problem IX. in. Geome try. 1 IIS 


Dv AB 184, and perpendicatans to it BC= 

115 join C and A; then will the Angle CAB 

Mi _ Courſe = 5 3% „and AC the ee 
les. 


43 
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Fo find the Courſe, : ' | To ſind the Diſtance, A 
As the Diff. of Lat. 184 2.26482 As Radius 10,00000 
5 Radius 10. 00000 Is to the Diff. of Lat. 184% 2.26482 
Bio is the Departure 115 2.06070 80 is Sec, of the Cou. 32 10. 07158 
His 12,06070 F | 5 % | 5 12.336 
2.26482 e 10.0000 
To the Tan, of the Co. 32 9.79588 To the Diſtance 217 2.33640 
— . , D —]_ 


Hence her Courſe is North 32 Weſterly, and Piſtance failed 
217 Miles, W J)) te 
By GUN TE R. 

Extend from the Difference of Latitude 184 to the Departure 


115 on the Line of Numbers, that Extent will reach from Radius or 
45 to the Courſe 32 on the Line of Tangents.” | 


WE a Sa. es 


* 
* 


:  2dly. © For the Diſtance we muſt conſider it as Radius (there | 
being no Line of Secants on the Scale) and extend from Radius or 
1 | ©0* to the Courſe 32* on the Line of Sines, that Extent will reach 


from the Departure 115, to the Diſtance 217 on the Line f 
00000 
By INSPECTION... | 
b * "Seek in the Tables till the given Difference of Latitude 184 and 
Departure 115 are found = gp in their reſpective Columns; 
V then right againſt them will be found. the Diſtance 217 in its 
. Column, and the Courſe ſtands among, the Degrees at the Top or 
Bottom of the Column where the Difference of Latitude and 


Departure were found; which in this Caſe is under 32%, the 
5 Courſe required. a | 


| The fix foregoin Problems are the common Caſes of Plane 
Sailing, which the Learner ought to be well acquainted with ; and 


4+ for that End, I here add ſix more for Practice, whoſe Anſwers may 

4 be found by the foregoing Rules. N 

| Queſtion I. A Ship in 2* 10/ South Latitude, fails N. by E. 89 
4 


LR, what Latitude is ſhe in, and what is her Departure ? 
'. Anſwer, Latitude in 2* 12 N. and Departure 17.36 Leagues. 
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ueſlion II. A Ship fails S. S. W. from a Port in 41⸗ 30 North 
Latitude, and then by Obſervation the ſaid Ship is in 36" 57 57 Song 
het 1 I demand the Diſtance run and Departure! 
4 Anſuer. Diſtance run 98.5 Leagues, Departure 37-7 Leagues. 


| - *Dueſlion III. A Ship ſails'S. S. W. 2 W. from 2 30/ South Lati- ll 
ide, until her G 5k be 59 Leagues, I demand her Diſtance "2 
DA and Latitude in ? 1 

r Diſtance run 125.2 Leagues, Latitude in g 17 South. 


| © Queſtion IV. If a Ship ſails 360 Miles South Weſtward from 
'21*59' South Latitude, until by Obſervation ſhe be in 24 40 
South Latitude, what is her Courſe and Departure? 
Anſwer. Courſe is 8. W. by W. 8 and Departure from the 
| Meridian is 317. 3 Miles. 


neftion V. Suppoſe. a Ship. ſails 354 Miles North Eaſtward 
| 22 29 9 South Latitude, until her Bee. be 150 Miles, what 
15 her Courſe and Latitude in? 
Anſicer. Courſe is N. N. E. 4 . neareſt and Latitude the Ship 
"Is in is $3 120 North. n 


F ien VI. Sailiog banden as North and the Weſt from a 
Port in 1 50 South Latitude, and then arriving at another Port in 
4 8' North Latitude, which is 209 Miles to the Weſtward of the 
| Et Port, I demand the Courſe and Diſtance from the firſt Port to 
the ſecond? 
. ._ Anſwer. Courſe is N. N. w. 1W. and Niſlapes of the Ports is 
. 622: 3 . or 140.7 Leagues. 


* 
* 2 


2220 


„„ 


4 


. 


TRAVERSE SAILING. 


4 


T TAVING learned theſe neceſſary Problems, eoneerning a 
Single Courſe, the next is a Compound Courſe, 'commonly . ' 
called a TRAVERSE; in order to the right underſtanding of 
which, obſerve the following Definitions : . 
A Trang is when a Ship, meeting with contrary Winds, ſails 
on ſeveral Courſes, | | ITO 2 1 
* When the Wind is directly or partly againſt a Ship's direct 
Courſe to the Place ſhe is bound to, reaches her Port by a 
Kind of Z like Courſe; which is made by failing with the Wind, 
* firſt on one Side the Ship, and then on the other Side, 


In a Ship looking towards the Stem or Head, 

Starboard ſignifies the Right Hand Side. ; 

t Larboard the Left Hand Side. - e | 
Forwards or Afore, is towards the Head or Stem of the Ship. 

p Aft or Abaft, is towards the hinder Part or Stern. . 


he Beam ſignifies athwart or acroſs the Middle of the Ship. 
When a Ship fails the ſame Way the Wind blows, ſhe is ſaid 


to ſail or run before the Wind: and the Wind is ſaid to be right 
« aft or right a Stern; and her Courſe is then 16 Points from the 
e Wind. | | | Ss 
ta When a Ship fails with the Wind blowing directly acroſs her, 


ſhe is ſaid to have the Wind on the Beam; and her Courſe is 8 
18 Points from the Wind. | | 4 
When the Wind blows obliquely acroſs the Ship, the Wind is 
ſaid to be abaft the Beam, or, afore the Beam, according as her 
Courſe is more or leſs than 8 Points from the Wind. | 
When a Ship endeavours to fail towards that Point of the Com- 
paſs from whence the Wind blows, the is ſaid to ſail on a Wind, 
or to ply to Windward. 5 e e 
A Veſſel failing as near as ſhe can to the Point from whence 
the Wind blows, is ſaid to be cloſe hauled. The generality of 
Ships will lie within about 6 Points of the Wind, but Sloops and 
other Veſſels will lie much nearer. Ok | Ee 
The Windward or Weather Side, is that Side of the Ship on 
which the Wind blows; and the other Side is called the Lee- 
ward or Lee-Side. | a | 
Tacks and Sheets are large Ropes made faſt to the lower Corners 


of. the Fore and Main Sails, by which either of theſe Corners are 
hauled fore and aft, he ict a | 


When 


Ge | TRAVERSE 3A1LIN SG. 


— When a Ship ſails on the Wind, the Windward Tacks are al- 

s hauled forwards, and the Leeward Sheets aft. 

e Starboard Tacks are aboard when the Starboard Side is to 

| the Windward; and the Larboard to the Leeward ; and the Lar- 

board Tacks are aboard when the Larboard Side is to the Wind- 
ward, and the Starboard to the Leeward. 

To know how near the Wind a Ship will lie: Obſerve che 
Courſe ſhe goes on each Tack when ſhe is cloſe hauled, then 

Half the Number of Points between the two Courſes will ſhew 
how near the Wind that Ship will lie. 

The moſt common Caſes in furning to the Windward may. be 
conſtructed by the following Precepts : 

Having drawn the Meridian NT Parallel of Latitude (or Eaſt 
and Welt Line) in a Circle repreſenting the Horizon of the 
Place, mark in the Circumference the Place of the Wind; draw 

the Rhumb paſſing through the Place bound to, and lay thereon 
the Diſtance of that Place from the Centre. 

On each Side of the Wind lay off in the Circumference the 
Points or Degrees ſhewing how near the Wind the Ship can lie, 
and draw. theſe Rhumbs. 

Now tlre firſt Courſe will be on one of theſe Rhumbs, accord- 
ing to the Tack the Ship leads with; draw a Line through the 

Place bound to, parallel to the other Point, to meet with the 
2 Lat and this will ſhew the Courſe and Diſtance om the other 
- Hack. 

Io RESsOLVE a Traverſe, is to reduce and bring ſeveral Courſes 

into one; the Courſes are known by the Compals, and the Diſ- 

tance by the Log, which in common Voyages is heaved once in 

. 0 Hours, but. in Ships: of War, or to the Eaſt Indies, Tony 
our. 

In the Steerage or ſome convenient Place in the Ship, there 

enerally hangs a Table, called the Logboard, divided into ſeven 
_ Columns; in the firſt is written the Hours of the Day, the ſecond 
the Knots that the Ship runs during Half a Minute, each of theſc 
Knots bears the ſame: Proportion to a Sea Mile, that half a Mi- 
nute does to an Hour; conſequently ſo many Knots as the Ship 
runs in half a Minute, (the Lime allowed for trying the Experi- 
ment) ſo many Miles ſhe runs in an Hour. In the third the Fa- 
thoms, 10 of which ought to make a Knot; in the fourth the 
Courſes ſteered by the Compaſs; ; in the fifth the Winds; in the 
fixth the Leeway, or how far the Ship is drove to the Leewatd 
of the Courſe iteered by the Compaſs; in the ſeventh the Tranſ- 
actions of the ay, as in the following Table. Every Day at 
Noon the Lo; 2board i is tranſcribed into the Logbook, which: is 2 


vided 


* 


vided into Columns exactly like the Bogboard, and the: ſeveral 


ſhews what Difference of Latitude and Departure the Ship has 
made during the laſt 24 Hours, and from thence is found the La- 
titude and Longitude the Ship is in, &c. This Operation is called 
doing a Day's Work. . e 
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Faving placed 77 ſeveral Courſes and Diſtances run upon each, 
begin with the firſt Courſe 8. W. by W. which is 5 Points, and 
the Diſtance run upon it being ſummed up is 21.5, or an Half, 
which being doubled (becauſe the Log is hove every two Flotte 
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Courſes being corrected for the Leeway and Variation, and the 
Diſtance run upon each being ſet down in a Traverſe Table, 


k 
| 


is 43. In like Manner proceed with the other Courſes, and then 


find the Difference of Latitude and Departure for each Courſe 


and Diſtance, ©. © 


* 
4 * 


When the Courfe is to the Southward, the Difference of La- 


titude muſt be ſet in the Column marked S. but if to the North - 
ward, in that marked N. likewiſe when the Courſe is to the Eaſt- 
ward, the Departure muſt be ſet in the Column marked E. but 


og 


if to the Weſtward, in that marked W. Thus the firſt Courle 


being 8. W. by W. 5 Points, the Difference of Latitude . 


ing to it is ſet under S. and the Departure under W. as in ti 
following Table. i e en en ING 


1 9 
* * - : * — 


4 


L 
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31.8 


F 


2 fr WE q | 
31.8 | c.2 
Vos: = 128 3 1.8 s 31.8 | 


Di. Lat| 26.4 Dep. | 
— "Be BEG * W 8. ; | 


Here the Weſtings bein the Differ= 
ence ſhews how far the Ski 


it is run out, cries op! the Reel being immediately ſtopt, the 
| athoms run off, ſhew the Ship's Rate of 
Sailing per Hour, if the Wind is conſtant. + © 
Suppoſe a Ship from the Lizard in Latitude 495% is bound 
to Cork in the Latitude 51* 49/ N.. whoſe: Departure from the e 
Meridian is 162 Miles Wei, but by Reaſon of contrary Winds is 5 
obliged to ſail on the following Courſes, viz. S. 8. W. 54 Milet; 
W. dy S. 39 Miles, N. W. by. N. 40 Miles, N. E. by E. 69 
Miles, N. N. W. 60 Miles; I demand the direct Courſe, Diſ- 
tance, Difference of Latitude and Departure made good upon theſe 
ſeveral Courſes, with the Latitude the Ship is in, and what Courſe 
ſhe muſt ſteer, and how far, to gain her intended Port? 


PROTECTION, ; 


Eatitude of Cork — 51? 407 
Latitude of Lizard — 49 1 2 


_ Emma i 


Difference of Latitude 7x 52=112 Miles, the Dep. 162 Miles. 
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With the Difference of Latitude 112, and the Departure 162, 
tween the Lizard and Cork by the laſt Caſe, the Courſe will be 
found nearly N. W. by W. and Diftance 197 Miles. 


With the Chord of 60, deſcribe a Circle, through which draw 


the Meridian, North and South, and crofling that at Right Angles, 


draw the Eaſt and Weſt Points. The Centre repreſents the Lizard; 


then ſet off two Pojnts from the South Weſterly, through which 
draw a Line to the. Centre for the firſt Courſe 8. S. W. upon that 
ſet off the firſt Diſtance run 54 Miles, which is the Ship's Place at 
the End of her. firſt Courſe ; draw the W. by 8. Rhumb, and, pa- 
rallel ro it, a Line paſſing through the Ship's laſt Place, and upon 


that ſet off 39 for / the ſecond Diſtance ; draw the N. W. by N. 


Rhumb, and parallel to it, as before, draw a Line paſſing through 
the Ship's laſt Place, . which ſet off 40, and that will be the 
Place of the Ship at the End of her third Courſe; then draw the 
N. E. by E. Rhumb, and parallel to it, a Line paſſing through the 
Ship's laſt Place, and upon that ſet off 69 for the fourth Diſtance; 
then draw N. N. W. Rhumby and, parallel to jt, draw a Line, ag 
before, through the Ship's. Jaſt- Place; upon that ſet off the laſt 
Diſtance 60, which is the Place of the Ship at the End of her ſe- 
veral Courſes ;' from which draw a Line Far to the Eaſt and Weſt 
Line, until it cuts the Mevidian ; for the whole Departure, from 
that to the Centre being meaſured on the fame Scale, will give her 
Difference of Latitude made good upon the ſeveral Courſes; and a 
Line drawn from the Ship's laſt Place to her firſt, will give her 
Difference of Latitude made good upon the ſeveral Courſes; and a 
Line drawn from the Ship's laſt Place to her firſt, will give the 


hole Diſtance, and the Angle that it makes with the Meridian will 


be the Ship's Courſe, 


Nou to find what Courſe ſhe muſt ſteer, and how far, draw a 


Line from the Ship's laſt Place to her intended. Port for ber Diſe 
tance; and a Line drawn from the Ship's laſt Place, parallel to the 
Meridian for à new Meridian; and the Angle which that makes 


with the Diſtance, will be the Courſe ſhe mult ſteer to the intended 
Port; which may be eaſily underſtood þy looking at the following 


Figure 2 


7 TO 


* 


4 TRAV ERS E SAILING 


— 


Dep” 162 


By the above Method any Traverſe may be conſtructed, as alſa 
the Ship's Way pricked off on the Plane Chart. 1 
Ziut it being rather tedious, and not ſufficiently accurate, we gee 
nerally work at Sea be {4 144 a ack 


| By ' INSPECTION. | 
Firſt to find the Courſe and Diſtance between the two Ports. 
In the Table it will be found, .that the Numbers ſtanding 1.4 
ther neareſt to 112 the Difference of Latitude, and 162 the De 


parture, are 461.3 and 113 over 55”, the Diſtance anſwering to 


theſe is 107, conſequently the direct Courſe is N. 55 W. or nearly 
N. W. by W. Diſtance 197 Miles. | 1 


2dly. Begin with the firſt Courſe S. S. W. 2 Points, under 
IA which in the Tables, and oppoſite to the Diſtance 54 Miles, 
4 fiands 49.9 for the Difference of Latitude, and 20.7 for the De- 
” © parture; and as the Courſe is between the South and Weſt, and the 

5 | | — Departure 


4 * . * Ke) 4 
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7 Deere in that marked Weſt; in like Manner proceed with each 
Courſe and Diſtance, which being found as above, will ſtand as in 
the following Traverſe Table: FR 


The TRAVERSE TABLE. 
— Difer.of lat. |  Departare, 


F 


1- 


33-3 
38.3 
55-4 
127.9 , 
1 33 | 

Dif, of Lat. Northerly 69.5 Depart. 


HFaving placed them as above, add up all the Weſtings, Eaſtin 
Northings, and Southings ſeparately, and ſet down their reſpective 
Sums at the Bottom of each Column; and as the Weſting is greater 
than the Eaſting, ſubtract the one from the other, and the Diffę 

6.7 ſhews that the Ship's Departure is fo much Weſt of het 
lace. | : we 
Again, the Northing being greater than the 8outhing, ſubtraRt the 

Leſſer from the Greater, and the Remainder 69.5 ſhews how far the 
Ship is to Northward of her firſt Place. 4 | 
Now having the Difference of Latitude and Departure made good 
upon the ſeveral Courſes, ſeek in the Tables until they are found 
ſtanding together in their reſpective Columns, the neareſt to which 
is 69.6 and 47. under 34 Degrees, againſt them ſtands 84 for tb 
Diſtance ; conſequently the Courſe made good upon the feveral ©} 
Courſes is N. 24 W. ane % .. RY I 


To find the dire Courſe and Diftance to the intended Pr. 


To the Latitude left 497 5% N. add the Difference 69 equal 

19“ gives 51* & the Latitud in ; Then, Rs . 3 
From the Latitude Cork — 51. 
Subtrat-the Latitude in —_—— = 


= 2 | | nn 
The Difference of Latitude between the Ship and Cb is 43Ms,” | 
„„ — 


* 
en 


- 


* 


Bs » 
9 3 
7." os 


whe 
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The Departure patween the two Prone s — 262. Mi 
T he Departure made belng W. ſubtract — 46. 222 


The Departure between the Ship A Cork is — I 2 as | 


— 


Wich this Difference of L atitude 43, and Departure 11 5. 3, gert 
in the Tables till they are found ſtanding together in their fetpective | 
Columns, the neareſt to which will be found over 69? and 70% being 
added is 130, * that Sum 69" 0. is the-Courle, and half the Diſtance 
to theſe is 123. 

Hence the Ship? 8 Greg W to > Cork 18 N. 67 30 W. and 
Diſtance 123 Miles. 

The ſame may be done 


By CALCULATION. 


To find the direct Courſe and Diſtance between the Lizard 
and Cork by Cafe VI. it will be, 


To find the Courſe, | Io find the Diſtance, 


As the Diff. of Lat. 112 2.04922 As the S. of Cou. 5 5 200 9. 91512 
Js to Radius  10.00000 Is to the Dep. 162 2.20951 
So is the Departure 162 2.20951 So is Radius 10.00000 

. 1 Fu _ e ; 12. 0p 


Ts the 14. Cou. 55% 20 W To the Diſtance 197 2.29439 


. 


Hence the direct Courſe and Diſtance between the Lizard and 
ok? is N. 55. 20 W. or N. W. AP ty Diſtance 197 
Miles. Then, a 


For the firſt Courſe 8. 8. w. 2 pans" Diſtance $4 Miles, 


To find the Dep. 5 To find the Diff. of Lat. 
: As Radius 0. podoo As Radius . 10. ooo 
. Is to the Bine 54 1.73239 Is to the Diſtance 54 1.73239 
So is 8. Fopyls.. 2 Pts. 9.58285 $0 is Hine Courſe 2 Pts. 9. 9502 
517 . 31523, 11 69801 
* | 10,00000 | 10. ooo 


3 Towne Dean 267 : 1.3152 3 To the Dif, of Lat, 49: 9. 1.69801 
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TRAVERSE SAILING. & 


57 lixe Manner proceed to find che Difference of Latitude 
and Departure for the other Courſes and Diſtances; which being 


found and ſet down in their reſpective Columns, will ſtand as in | 


the foregoing Table. 5 5 LIE 
Having found the Difference of Latitude and Departure made 
upon the ſeveral Courſes, and alſo the Latitude in, with the 
8 Difference of Latitude and Departure: between the Ship and Cor 

as before, the direct Courſe by Caſe VI. will be found N. 69 33 


5 W. and Diſtance 123 Miles, 


All the preceding may be found by Gunter's Scale, but ſhall 


leave the working of them to exerciſe the Learner, who ought | 


to be well acquainted with Traverſe Sailing; and for that 
Purpoſe it has been thought proper to ſubjpin the following, 
which is the moſt general and uſeful that well gan be, and may be 
worked by any of the foregoing Methode. 


A Ship being at Sea in Latitude 37 10' N. is baund to a Port 
in Latitude 23* of N. the Departure between the Ship and the 
Place is 180 Miles, conſequently by Caſe VI. the Courſe will be 
S. W. by S. 2 Degrees Weſterly, and Diſtance 308 Miles} but 
the Wind being variable, is obliged to ply upon theſe: ſeveral 
Courſes, the Diſtance run upon each being obtained by the Log; 
and firſt ſhe ſails (with her Larboard Tacks em Board) S. W. 
by W, Miles. W. S. W. 2 W. 30 Miles, W. by S. 25 Miles, 
W. by N. 18 Miles. 8 | e * 

(Starboard Tacks on Board Wind ſhifting) S. S. E. 32 Miles, 
8. = 5 3 E. 27 Miles, S. by E. 25 Miles, S. 31 Miles, S. S. E. 
39 Mile. | Hos Tf 

Required the Latitude the Ship is in and her Neparture from the 
Meridian, upon what Courſe ſhe muſt ſteer if poſſible, and how tar 
ihe muſt fail, to gain her intended Port? 1 


The Difference of Latitude and Departure being found by the 
preceding Directions, will ſtand as in the following Table. 


* 


2 TRAVERSE SAILING. 


— Table. Diff. of Lat. EY Departure, | 
FE D N. | S. = E. 5 11; Ws 
Wo by W. | 27 9 - "ge ors N 
4 * . W. Z W. 30 | | 7 N 28.7 5 - 
| V. by S. 28 | 49. as 
W. by N. 38 { $5 | 177 
6. Wh © V4) 32 4 882 12.2 h 
JS. 8. E. 1E. 27 423.2 | 13-9 
8. by E. 8 24.5 | 49 
F 37 | 31.0 | 
8. 8. E. 39 3 8-1 - 
| 1 12 | 459 | 93-3 
28 rn — 
1 RE Di. Lat 159-48] Depar, 47-4W: 
27 he $hip is is in PAPA 30 2 20 N. the Departure is 47.4 W. 


The Courſe made good is 9. 15 


'The Courſe to WE intended 3 is g. 58" 41 W. or 8 


| Io ZW. nearly, Diſtance 155˙2. 


* 38' W, and Diſtance 175: 


W. by 


Nor. The Teacher may put the Pupil upon ie 
* immediately, if his Time be ſhart, (which is the Caſe 

with many who go to School purely to learn NAviGATION 
only] wit out K through Mippie LATTIrUupR SAILING, 
as the former is ully | ſufficient for the Seaman's Purpoſe, provided 


de be ſhewn how to reduce Miles of Faſting or 


| 04 ms of 6 


Welting in 


] 


each other, and conſequently the Degrees of Longitude equal in 
4 All Places; but this cannot be true, as the Earth is a Globe or 
Sphere: for | | . i 


ſenting a Bowling-Green, having the Meridians parallel t 


As the Meridians are Circles on the Terraqueous Globe, 
meeting in the Poles, (as may be ſeen in the following Figure) 
it is obvious that any two of theſe Circles muſt recede more at 
greater Diſtances from the Poles; and at equal Diſtances from 


1s greateſt, 


* 


from the Equator, and ſome noted Meridian; and ſince the Me- 


25 Diſtance ſhould be reckoned in a fixed Latitude; and where the 
fe Degrees are of the ſame Magnitude with thoſe of the Meridian, 
IN which can be no where but on the Equator, where 60 Geogra- 
> phical Miles make a Degree. | | 


each other, as their Radii; and fince the Earth turns once round 


its Axis in 24 Hours, every Point upon its Surface muſt deſcribe .. 
Circles parallel to the Equator : Hence it follows, that the Cir- 


cumference of any Parallel of Latitude in Miles, is to the Cir- 


cumference of the Equator in Miles, as the Co-Sine of that La- 5 


titude is to Radius; and that the Breadth of a Degree in any 


Parallel of Latitude is to the Breadth of a Degree upon the 
Equator, is as the Sine Complement of -that of Latitude is i 


Radius, CS 125 
| 4 


By the laſt Proportion was the following Table calculated, 
which ſh&ws the Breadth of a Degree of Longitude in every 


4 


Latitude; and may be made to anſwer for any Degrees and Mi- 
nutes by taking proportional Parts, 5 | = 


MIDDLE LATITUDE SAILING... 


N Pr.ane SAILING the Earth was conſidered as a Plane, tepte- 


each Pole, or at the Equator, the Diſtance between the. Meridians 
The true Place of a Ship at Sea depends upon ies Diſta af 


ridional Diſtance, that is, the Diſtance between the two Meri- 
dians, varies in every Latitude, it is therefore convenient this 


1 The Circumference of all Circles are in dire& Proportion to 


* 
: * - 


ate, ; 
— — 


\ 
* 
os 


of 
DIP 


pore, 


» 


a i * + 7» 4 = . 
* 


o 
x 
” * 3 ; 
* : 1 : 
> s 3 


8 at ps my, 4 Latitude, 


Ly 


| (Ft: * e er n 
0 991.19 136. 75,3 
2 50 961 20.159 3 38 
2 21 56 1 39 
5 59 77. 23 F 
5 50 57 24 54 8 42 
259 5625 154 35 43 
Be 5 8 590 42 20 53 93: 1 0 
nnn z 50% 45: 3 
4 10 59 08 19 F2 97 4⁰ f 
Eine: 47 4/ 4 
4 apy © 4 913 68 3 8. ES 48 . 
13 58 46 4 51 431 49 4 
14 58 22 32.50 88 50 2 
15 57 05 33 50 32 5! 3 
16 57 6734 40 74 5 4 5 
ff , f il | 
E 18 2 86 30-148 541 55 135 ' 26} 72 118 85 9 
The ab we Table ſhews how many Miles anſwer to 2 Degree 
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Hence it follows that . 


| As the 8. Com. of any Lat: | As Radius 


* 
** 


. 2 : 
0 


$ From what has been ſaid tiles the Solution of the following 


Is to Radius GA > | Is to S. C. of any Paral: of Lat. | 
So is the Diſt.run in that Lat. in Ms þ * J So is Differ. of Long. in Miles Ws 
To the Miles or Minutes of Dif- | © | between any two Meridians 


ference of Longitude. To their Dif. in Ms in that Lat. 


Problems : 


PROBLEM I. 


The Difference of Longitude between two Places both in one Parallel of 
| Latitude being given, to find the Diſtance between them. 


Suppoſe a Ship in the Latitude 49 3o/ N. or S. fails directly E. 
or W. until her Difference of Longitude be 3 300 and the Diſtance 


failed be required, 


By PROJECTION. 


With the Sine of 90? in your Compaſſes taken from the Plane 
Scale, and with one Foot in P deſcribe the Arch EQ, and upon it 
ſet off the Difference of Longitude 210 Miles, and draw the Lines 
P E and PQ to repreſent the two Meridians; then will E Qre- 
preſent the Equator, and P the Pole. Again, with the Sine Com. 
of the Latitude 497 30/ viz, 40? 30“ in your Compaſſes, taken from 
the Lie of Siſſes on the Plane Scale, and with one Foot in P de- 
ſeribe an Arch, and the Diſtance between the Point where it cuts the 
two Meridians being meaſured upon the ſame Scale of equal Parts 
= the Difference of Longitude was, will be the Departure 1 34.4 
iles. | 3 | | | 
Reverſe this Problem, and ſuppoſe the Diſtance ſailed in any Pa- 
rallel of Latitude given, to find the Difference of Longitude, _ 
With the Sine | Am of Latitude in your Compaſſes deſcribe an 
Arch, upon which ſet off the Departure 134.4 Miles, and through 
the Points where it cuts the Arch draw the Lines PE and PA; 


then with the Sine of 90e in the Compaſſes, and one Foot im. © | 


the former Oentre P, deſcribe an Arch to cut PE and PQ; = q 
then E Q being meaſured upon the ſame Scale of equal Parts 


wat the Departure was, will be the Difference of Longitude 210 


Miles, 


See the Figure in the following Page. 


th MIDDLE LATITUDE SAILING. 
| -- 8 
. n 222 0 
„„ | __ „% ny 
= 7 | Bf Lo 210 hr Fa * | 
3 2 55 . 
I . D CALCULATION. 
% : To find the Departure, 
"As 1 a 5 — of 5 oy * 10: o 
$ to, Sine Complement atitude 49.30. 9.81254 
39, * * of LORE. 210 2.32222 
IS 8 57 b 2 
5 5 | 3 3 ; x IO. 2 
Ts the Pittanc required | he a 136.4 2.1 2:13476 | 
2 8 | DES ES} 
75 1 8 N. T. E LEY en > 
»$ The Extent. from: Radius to Sine Com. 4% 20': on the Line of 


Sines, will reach from the Difference ol Longitude 210 to e 


Dittance 1 = ore Line of: Numbers. i 5; mt: 
"£4 By. 1 N 8 Pi E C T L o N. TY peu 


Find the Sine Conn. of the Pastude among the pee, 2nd i in 
ttme Diſtance Column” the Difference | of Longitude ; oppoſite to 
'. which, in the Column of E Departure, is the * le but. 
as the Co-Latitude i is 49? 30 „ therefore, 5 


8 b : 
8 I . my 
9 + JJ q 4 o 3 9 
4 
7 ” 
oof * : 
„ 1 
3 3 
1 
8 * 


my 


For Degrees you'l find. * Ri. 38 
Fer 15 Degrees 15 11 find 1 0 137.7 


T. S e | 


Half is the Diſtance required. 18 136.3 


Departure is calculated only for ſingle Degrees. 


iy Parallel, ta find the Difference of Longitude. 


45 


As S. Com. of Latitude 49? yo” = "CIC 


To the Difference of Longitude 216 3 


0 INSPECTION. 
Loc for the 8 of the Latitude among die 8 


3 : ; ; | Bs - R | © 
3 8 1 EE ts 8 1 e ee III x > BY 8 
Wa Sag oa 8 . 3 F4 £ £ F 40 * 
IDDLE LATITUDE SATEING! 5% 
M1DD 1TUDE SATLING: | 
. d 8 \ n » 


Is to the Diſtance | 9 5 5 2.734 
So is Radius 5 10. oooοο 
. 7 ge 6 
4-5 3 „ 9s 

ED - 


4 


This is * 1 the Table of Difference of Latitude and 


By the Reverſe of the laſt Problem, having the Diſtance run in 


3 
v ; 


Suppoſe a Ship i in Latitude 49* 30' N. te 8. ſails directly E. or 
W. 136. 4 Miles, and her Difference of _Longitude be required. 3 | 


2 4 


if it was a Courſe, and the Departure in its Bien ke | 
againſt which ſtands 8 Difference of Longitude i in the Diſtance 


Column. 


N 
- 


PROBLEM. 


9 


28 
1 


Suppole two bie in the Latitude 


fil both dire&ly North 260 Miles, and it be required to 
lang nder 1 5 : * | 


F 
4 . % G% 
FY K a 4 
85 > 
7 ' ES 
3 
. ; 1 
* LES 
6 * = 
2 FS 79 3 ; Og * 
3 R 5 8 * 
*: * * $4: 3 * : 2 ; 
2 * 3 4 2 8 
: 22 : + on on, 


If it hed ouired to find'the Diſtanc&of. ie bees the the ſame _ 
Parallel, and the Diftance of two other Places: under the ſame. 1 
ridians with the former, differing only Latitude, it will be, 

As the Sine Complement of one Latitude, ix to the Diſtance be- 
[tween two Places in that Latitude, fo id the Bine Complement of \.. 
any other Latitude, to the Diſtance between two Places in that LA. 

titude; lying unde the ſame 2 zen i e P laces. e 5 


# 


. 


- Erich 
* 4 . $ þ 

* 4 J => 

Af = * 

1 1 * bo l 1 + 
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276 MIDDLE LATITUDE SAILING, 
. By PROJECTION. - 


r 


Having reduced the Diſtance failed 260 Miles into Degrees 
and added 9 to the Latitude failed from 452, = 49 T1 
the Latitude they are in: with the Sine Complement of the firſt 

| Latitude 45 in your Compaſſes deſcribe an Arch ; and with the 
Sine Complement of the ſecotid Latitude 40* 40”: deſcribe an Arch 
upon the former Centre; then upon the firſt Arch ſet off the Firſt 
Di2ance, and from the two Extremities draw Lines from the 
"Centre, and they will cut the ſecond Arch in two Points; the 
will be 202.7, the Diſtance the Ships are aſunder in the Latitude 

5 ome to. I 2 5 55 | 2 e . | 4 4 4 


E 


As the Sine Complement of the Latitude failed from 45 9 84948 

Is to their Diſtance aſunler 220 2.34242 

So is the S; Complement of the Latitude come to 49 20 9.81402 
3 | 2 Oh CE Nine PS IE. 23 "©: inal 


£36" & » 


By CALCULATION. 


To the Diſtance required ——— 202.7 2.30696 
' "— V 8 e e AG W ö 2527 j 


Py By GUNTER. -| 2 
The Extent from 45 to 40? 40' on the Line of. Sines, wil 
peach from 220 to 202. 7 the ſecond Diſtance on the Line of Num. 
; of nies 4 OE * 5 5 5 N ' | ; ) 


7 


8 2 jay 


Longitude counted in one Parallel of Latitude, will not be equal 
do that counted in any other Parallel of Latitude, on the ſame 
E” - Bide of the Equator; and as Ships ſeldom ſail N. or 8. upon one 


From what has been ſaid it will be eaſy to conceive, that the 


. Meridian, but croſs many in various Directions, it follows, that 
* the Longitude can neither be found by the Latitude left, nor by 
£ he 2g 2 " 5 5 5 EP arg N N „ Ee : th | 


Atv 


/ v 


De . and Longitude of = Places given u. cn. oy. 


* '% 


"© MIDDLE. LATITUDE SA1 LING. 


| he come to: therefore add them together, and take half chat 


um for a Mean or Middle Latitude, by which Departure as 


de converted into Longitvde, and ay ack, into Depantuee 3 * 


for it will be, % 

| he 8. Com. of the Mid. Las: } Fs Nadia : 8 
* the Dep. from the w ? J Isto the Dif, of Load 110 

So is Radius © J So is the 8. Com. of Mid. . 
To the Miles of Diff. of berg. = To the Departure. 


Or, without having! the Departure to find the reſt it will be, 


As the Difference of Latitude As the Sine Com. Middle Lat. 


Is to the Difference of Longitude 3 che T angent of the Courſe, | 


So is the Sine Com. Middle Lat. So is the Difference of Latitude 
10 the Tan. of the Courle, To the Difference of Oy 


| AN D, We, WE 
4s the Sine Com. Middle Lat. 8 


s to the Sine Courſe, 
So is the Diſtance ſailed 
To the Difference of Longitude. 


This is 5 called Middle Latitude Sailing, by which many J 


* 


keep their Reckoning at Sea, and nearly : 197 
Sailing in Latitudes not exceeding 52 or 53', North or * GRE 
Cc A JS F 1 


# 


Diſtance. Che 5 1 . i 


. 


What is the Courſe and Diſtance from the Lizard to the 4 
of Barbadoeg? 8 


Lizard : 49* N. — ol W. „ f f 
— {| E Lat 12 L Lange is 5h 550 W. £ 6 by 


Piſerence of Lat. © 59 Sum is 62 55 Dif. of Long. 2 53.36 


> | 25S 2 ky 
— 5 27 Od LS . e 
* 2 „ ES he bd 
* 2219 90 n 3280 5 
Ws 5 — — — Ok 
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* * „ * Z N ; 
. 892 * b 2 2 4 N 4 4% # « #4: 6.8 ws 
| | B ” : P R O ; E gy 5 © 1 | { N 15 5 
In * a , ( ) * 
& , — 9 4 . 4 1 F b - , ; 
; | 5 n . - x . 2 3.6 * 


Firſt draw a Meridian, A B, and deſcribe an Arch with che 


Sine of go?, upon which ſet off from the Meridian the Differ- 
ence of Longitude BC g216 Miles; from the Point where that wats 
the Arch at C, draw a Line to the Centre. 205 5 


4 — 


en with the Sine Com. 
© 


iddle Latitude 58.33, and the Diſtance between the twWo 
Points where it cuts the two former Lines AB and AC, will be 
the Departure 2744: then from the Point A, ſet off upon the 
Meridian the Dilference of Latitude AD 2219, upon D erect 
the perpendicular DE, upon which ſet off the Departure 2744; 
join A and E, and it is done; for the Angle DAE, being nica- 
ſured will be the Courſes 51 2 W. and AE the Diſtance 3 5 28 Miles 
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a 4 
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Sa OE $ 
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Nor. Since the firſt Edition of this Book was printed I have 
found it neceſſary, being in poſſeſſion of better Materials, to cor- 
rect the Whale Table of the Latitudes and Longitudes of Places, 
and therefore could not alter the Example, without having a new 
Cut, which Incongruity 1 hope the Reader will excuſe; but if the 


Latitude and Longitude be taken from Bridge Town, Barbadoes, 


as laid down in this Book, the Courſe will be S. 51* 39/W. and 
Diſtance 3360 Milos h X 1 


# P -_ 
£43 — 94 
he - 8 
Ky: a — 4 
* 1 
6 : 15 A 
* * 
* . of : 3 # & 
* * * a 2 5 . 4 
22 : 
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$ MIDDLE LATINUDE SAILING. © 


MM BAL Nunn; DE SALLING,, 
575 BV CALCULATION. 
To find the e Courſe it wil be, Toe Dep. mayibef foun and by * 


A, 3 the Diff. pe: Lat, 2219 3. a As Audis COX" 31 ie 
15 to the Diff. of Lon. 3 16 3.50732 Is to the Diff. A 3. 50 
| Sois 8. da. t 3127 9. 931 8015 ee en 9.9310 %r 
BF 13:43832 :- 13.436332 
7 . 8 
To the T.ofthe Oo. Sie 2 3 To the Departure 8 5a ke 3.43832 


. OY” 


* * 
1 . 
. 


re find the © Diſtance, i i will be, 


725 


* * 


Is to the Diff; of urge «2 \ $5 > OE 
80 is Nui | . * 1e. % e 


0 the e . BY a 3. 54760 * 


8 Extend wo Radius to the Com. Middle Latitude 582 33's ; 
on the Line of Sines, that Extent will reach from the Differences 

of Longitude 3216s to the Departure 2744, onthe. Line of a 
bers, having the Difference of Latitude” and Depatture, fing. the 
9 and DP as in Caſe M. in eie e 


1 


5 EEE 2 1 8 
; 3 1 1 : 
1 
79 * * * 
* 1 
"TABS #5 


* Ez 
oak 4 a. 
« 8. 
* - 


5 will be. he. —— ar vireds, N =, che, — 9 
at ifance-bs in Plats 


£2 I 7 42 48 


* 15 Ny 

ut when it happens to.be. wo = 6 in | the laſt Cale, divide 
1 it by any convenient REY ob erving to ee che Depar- 
4 | * | | "OT. 


As the Sine Com. Courſe | Pe '9 * 1 0 5 


"RES 3 
4 IS $5835 z . > W 80 3 3 
8 , "ip, ws 
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8 * 122 1 . . 4 * * W Ae n e 4 N r 8 * oo £4 
1 5 7 ; n 3 r 2 1 3 2 1 
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753 . by S. 4 


Middle Latitude 42 16' de 
the Departure on Aide other Side of the Meridian; fee 
Centre through this laſt Point: draw a Line, then de Ci 
Arch with the Sine of * upon the former N and the Will 
2 drawn Line in two Points; the 2 5 


* MIDDLE LATtTubE siti 


ture, wo found, by the ſame you divide by, the Tables LS 


calculated only for ſingle Degrees; and as the omplement of Mid- 
dle Latitude is 58. 33. I find a 12th of the Difference of Longi- 


tude 268 over 58 and 593 oppoſite to which in the Departure 


Columns ſtand 227.3 and 225.7, their Sum is 457, Half is 228. 5, 
which being multiplied by 12; gives 2742 for the Departure; 


with this Departure ahd Difference of Latitude, find the Courſe 


and Diſtance as in Caſe VI. in Plane Sailing. 
> | ..-.CASE-1 


_— 


daf. and Diffren 77 Latitude given, to fd the Deer 


tance, and 9 f Tann. 


| Suppoſe 3 a Ship fails from the Lizard, makes, when the Varia- 
Kc. are allowed for, her Courſe'S. 30 W. br 8. 
| eſterly,. and then by Obſervation is in Latitude 
45 370 North . What is her Diſtance run, and Longitude in? 


15 B „ 
a 128 by Obſervation — 45 31 N. 45 31 


Dif, of Lat. 4 26 1 5 Som i 
5 0 — — 85 
OT Miles . — 9 00. - 


42 16 Co. Mi. Lat. 


% a 7 « * * * ' 
o p o 1 * a 
— RR, 6.34 | f EPs: 
7 4 r, . 
5s & * 7 


BY PROJECTION. 


#8; 
FR © 4 


"With the Ooieſs 39? and the Dillrees of Laad. FOE 


8 as in Caſe II. in Plane gs. and the Departure will be 
found 245.4, and Diſtance 342-3 iles. With the Sine Com. 
ribe an Arch, upon which ſet off 


5 


cut the Meridian and 
between which. bei 


enen is Eg 3 Ne A 


of conn” # A. ji 425 = | 


- 


N. B. Theſe InfruRions ; are ſufficient to inform. the Lana 
| how to 1 5 ww of the following Caſes, Te, 


OH _. » 


TEES FH n 


Er 


ALCULAT 


To f find the Departure it will be, To find the Diſtance, „ 
lo the 8. Com. Couuſe 39 8277 As the 8. Ste 2 274% 
s to the Diff, of Lat. 2 8: "Is to the I . 


So is 8. Courſe 39 947 . 1 
eh e ni 4 45 


© 12-33325 


9. 890 11 5 19 * 10 A n 


— — * 


2 ½˙% 4.31345 a 


* 


To find the Difference A it will be, 
As 8. Com: of Middle lee 47 9.82774 


ls to the Departure 91.4 
So is Radius mm 10 8880 


To the Differen 
Now as the. Longitude left and Diſitrence of 1 


therefore 


To the Longitude of the Lizard. 
Add the Difference 320 Miles, o 


Tne Longitude the 


* 


fr COUNTER Sz 


- Pinne from SL. to 39? on the Line of Sines, that Extent will 
reach from/266 to 215.4, the Departure on the Line of Numbers.” 

2dly. Extend from 397 to Radius, that Entent will reach from 
215.4 10 342. .3, the Diſtancte 

3dly.' © Extend from 42 16/ to Radius on the Line of Sine, that 
Extent will reach from 415. 4 to 320.3 the Wie of Difference of 
| Longitude on'the Line of Numbers,” 


bein sPECT Io. 8 


. / With the Courſe and Difference of Latitude, find the Diſtance 
and Departure in their Columns, 
With the Complement of Middle Latitude among the Degrees, 
and the Depatture in its 3 che Difference of "A 25 
1 "among the iſtances, thus : : 


” 


x * 4 * b . 7 1 1 3 3: p 9 7! 3 1 
er ien EAN 


= 5 ich Re Cowlſe,39* 2 Ba Difference of 33 1 33, 1 
figd "the D re:107.6,.and the Diſtance 171; which being dou- 


ou A gives e Departure : 215-2 and*the Diſtance 342, nearly as l 
ore. — 
28 den Wich . Sine Complement of Middle Latitude 42 I look 
dhe Column of Departure for half the Departure 107. 6, oppo- 
ite to that in the Diſtance. Column is 161/, which being. doubled 
EE. | 322, neatly as before, for the Difference of aa : 
n | 
5 ; Bulb Tgtitudes, e 72 te ind the ere ad Diffs ; 
9 ri J Longitude. 
5 4 Sh | rung” 300 Miles N. Weſteffy, from a Port in 37 12. 
North Latitude; and ongitude 1025 W. until the be in the 
titude 44*N... What. is her Courſe and Longitude in? WT 
Taste det 2 37 Ne 37% „„ , 
—— i = : 3 BED 0s o 
- © Lathude 55 2 8 Ser we 2 — 2 „ 1 8420 * Ng 7 
| £ P 
; 2 4 | | 75 O0 
1 Middle Loved" Y p. 
"Dif of Lat. Macs — 5 55 hems? | 8 th 


| SI WW; 8: 9911 6 * 
* erm wgre | 


* 1 DD LE 9 A 1] 


To find the Courſe it will 5 > To . 6 Diff. of . it will 5 
As the Diſtance 300 2. 47712 As 8. Com. Mid. Lat. 39? 9. 890 60 


Is to Radius = . 10.00080 Is to T. of the,Cou. 365 52/ 9.87501 
So is the I, W 2 24e 2. 38021 2 2 the DIE: oP Lat GED 2.3803 1- 
3 12-3802 + 8 2 Tn! : I 1228522 a 5 4 
| 2277; =! -olghge- 
redes. Com.Cou, 365877 9.90309 To Dit: of Long. 291 TY "oats - - #4 
\ | | <{ IN ; © : _ 
Longitude Left I Ss 10. 25 W. : | Tut ohetizact 
Difference of LODI. 3.52 W. „ 


14. 17 the Loden. in VF 


> 3 — 
By G UN T E R. | © 
4 4 The E 1 6 Diſtance oo to the Difference of {ul | \.Y 
tude 240 on the Line of Numbers, will reach from Radius to 1 © MF 
, the Sine Complement of Courſe on the Line of ines ; hence the | | 
Courſe is 36* 52/, or N. W. by ] N.'z Weſt nearly? , 
p 2dly. The Extent from 53 8/ 70 36" 52/ on the Line of Sites; 4 


wm reach from the Dilerence of Latitude 240, to the Departure '-, 
180.” Xl 

3dly. © The Extent from 31 the Sine Complement of Middde 
Latitude to Radius on the Line of Sines, will reach from the De= '- 


parture 180 to the Difference of Longitude 231.6 on the Line of 1 
Numbers. 5 


With the Diſtance 2005 and the Difference of HE 240, e 5 
in the Tables till they are found to agree in their reſpeQive Co- 
lumns; the neaxgft to which i is 300 and 239,6 under 37, and op- 
polite to them nds 180.5 in the Column of Departure; then 
over the Degrees of the Complement of Middle Lat. 51“, and o 
poſite to the Departure 180 ſtands in the Diſtance Calumn 225 * 
the Difference of Longitude, nearly: as before. 


5 Theſe InftruQtions, being well underſtood, are ſufficient ta * oY 1 
ro Bl for the Reader bow to work any of the following Cases: 


L 2 CASE 


* 


5 


— 
7 


1 10 37 
| 60 © 


4 


| . Differ. of Lat. 


1 To and 05 Courſe i it will be, 


$10 Radius 10.00000 
is the Departure 789 2.89708 


1 2. $9703 


— 


bd the Diff. of Long. 
Ass. Com. Mid. Lat. 4 5220 9.8522 5 


As the Diff. of Lat. 637 2.80414 


2.80414 
| TothsT.of the Con 5155 1.9294 


f : Is to the Departure 789 2.89708 
80 in Radius 10.000 
„ 5 . 1289700 
© 9.85225 


2 Toibfiladio Lots 1109 3.4483 
| dy © ; 
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1 MIDDLE LATITUDE » SAILING 


CASE Iv. 


Bb Lander and "PIES rom IR Meridian wen, 
Coyurſe, Diſtance, 2 Difference of 24220 9.64 a 


8 wk Ship in Latitude 49 57 N. and Lon itude 5 24 W. fails 
South-weſterly; till the 8 is 789 Mi 


iles, and ſhe be 2 


Latitude 200 N. I demand the Courſe, Diſtance, and Longis 
tude the Ship is in? 

Latitude left 49 57 N. N. 

Latitude in 309 20N. 2 I: 


2) 3g 17 Sum i is 
44 38 Middle Latitude 
637 _ 90 25 


3 


To and the e Diſtance it will be, 


As the S. Courſe 5 8 5 
Is to the Depart. =. ; 3 89706 


So is A 40. O00 
. 89708 
9.89101 


3 EY —— — —— 


To the Diſtance 1014 3.00607 
— — 


1 a Sip ſailed from i 24W. 
Dif, of Lon: 1109 Miles, or 1 2 


e the dr is in 2 3 5 23 53W, 


— 


* > 


2 4 
z 
4 = 
. 
W 
1 * i 7 
8 #7 3; 
* 
mY 
— 4 „ 4 i 
x © * x 
1 . 
52 
e 
- oy 
LO 
— * 
. 
3 . 
: . 1 
4 e $4 1 : 
3 q 8 N 3 — hot — 
% r ; _— 8 
5 3 1 ; 7 G 5 > 
e 5 4 — 
5 if e 5 s 
2 hat © 2 oth 
"SY ** 8 


; 


bldg 3 63. 


N 


8 


8 
* 
* 

” os 


— 


tude, Chiur at Dl, given, to find the Dj erence 
. . Kar, and | Digferefce of 72265 if «of 


A Ship in 3 42” 300 N. and Tes 18? I W. falls 


8. E. by S. 591 Miles, or 197 Leagues. deman the Latitud 
and Longitude the Ship i is in? 5 0 N. 


To find the Diff. of Lat. it will be, „ . 


As Radius | 10.00000 Lat, . 30 N. 


Js to the Diſtance 91 2.77159 Di. Lat. 401 : 
0D; Com. Conrls 3Pts. 9.91955 991985 | Mise 8 118. 


16914 224. N, 

10. oo — 

—— Latitude left 42 30 
Tothe Dif, of Lat 4974 — 1 Latitude in 34 19 


— _——uc_ Y — _ 


8 


5 16 49 Sum 16 
Tofind the Dif.of . it will be, ba e 
38 24 Mid. Lat, 

As the S. Co. Mid. L. 38524 9.89415 . 
Is to the S. Courſe 3 Pts. 9. 744744 3 5 
So is the Diſtance 591 4.77159 r 360% M. Lat. 

| 12.51633 Ti, the Ship failed from 18 31W. | 1 

BE 9. 89415 Diff. of Long. 419, or 6 59 E. 
 TotheDif: of Long 419 2.62218 Long. i in 13 32W 1 45 4 

CG: A 8 E VI. 


Ou Latitude, Caf, ah Departure given, to 4 the Di a” 
" Difference of Latitude, and Difference of Longitude, 


A Ship ſails E. S. E. from a certain Port, in Latitude 50* 100 8. 
and Longitude 10? 160 E. until her Departure from the Meridian 


1795 Miles; I demand her Die and the Latitude and 
mare the Ship i is in? 4 * 


* = I 5 1 
* 
WE 


16 MIDDLE LATITUDE SAILING. 


To find the Dif. of Lat. it will be, | 
As the S. Coarſe 6 Pts 9.96562 Latitude left 50? 10'S, 


80 is 8. Com. Cou. 6 Pts. 9.58284 


„ 12.6375 h . = 
cy LE 9.96502 | 
To the Diff. of Lat. 396.4 2.59813 


To find the Diſtance it will be, T 
As Sine Courſe 6 Pts. 9.96562 Lat. left 5e* 10/8. 
Is to the Depart. 957 2.98091 Lat. in 56 46S. 
60 is Radius 10. doo | | 


— 2) 106 56 Sum is 
12. 98091 ———ö— 
9.96562 53 28 Mid. Lat. 
— 90 O00 : 7 
To the Diftance 1036 3.01529 . — —— . 
—— 36 32 Com. Mid. Lat, 
To find the Diff. of Lon. it will be, 
As the S. Com. Mid. Lat. 53%*28' 9.77, | 5 
Is to the Depart. 957 3 Long. left is 10 16'E, 
So is Radius | 10.00000 Diff. Long. 1608, or 26 48E, 
g 12. 98091 Long. in $7 4 
To the Miles Diff. of Long. 1608 3.2061 
SSE 


One Latitude, Diftance ſailed, and Departure from the . Meridian 
of Longitude. 


be 500 Miles; I demand the Courſe ſtcered, and the Latitude and 
— Longitude the Ship is in? = 


Is to the Dep. 957 2.98091 Diff. Lat. 396, r 6. 36 8. 
Latitude in 0 56 468. 


given, to find the Courſe, Difference of Latitude, and Difference 


A Ship in Latitude 405 30' N. and Longitude 14 400 W. ſails 
th Eaſtward 645 Miles, until her Departure from the Meridian 


4 — 
22 > 

EI > 
+ 


MIDDLE LATITUDE SAILING. 8 _ 


re nd the Courfe it will be, To find the Diff of Lat, itwill be, 


As the Diſtance 645 2.80956 As Radius 10. ooo 
Is to Radius 10. oo Is to the Diſtance. 645 2. 80g 66 
So is che Peparture 500 2.69897 So is S. Co. Cou. 50 50 9.80045 
„„ HD 12.6989 12.6000 
| 2.80956 1.0088 
Jo S. Coutſe 300 50% 9.88941 To the Diff. of Lat. 407.3 2.60999 
Lat. left is 5 49 300 N. Lat. left | 49 30 : 
Diff. Lat. 407, or 6 478. Lat. in 42 43 
Lat. in | 42 43N. Sum is 5 92 13 
Middle Lats. 46 6 
| | 05 
Com. Mid. Lat. 43 64 
To find the Diff. of Lon. it will be, 
As S. Com. Mid. Lat. 46 0 9.84098 
Is to the Departure 500 2 69897 | 
So is Radius 10.00000 , Long. left 14 400 W. 
e | — Diff. Lon. 727, or 12 O1 E. 
9.84098 Long. in. 2 39 W. 
To the Diff. of Long. 721. 1 2.85799 | 


To Sorvs a Traverſe in MippiE LaTtrtuvpe Sailing, ©. 


How to Solve compound Courſes, or Traverſes on the Principles 


of Plane Sailing, has already been ſhewn; but it is neceſſary alſo to 


1 ſhew how the proper Allowances for Longitude are to be introduced 


into ſuch Accounts, which is eaſily done, by either of the follow- 
ing Methods; . = | | 


Iſt, Complete. the Traverſe Table to each Courſe and Diſtance, 
x and find the whole Difference of Latitude, Departure, and Latitude 
1 come cb. 11151 | | 


2 dl. With the whole Difference of Latitude and Departure, 
| find the direct Courſe and Diftance. . 


N - * 1 > 1 7 2 82 
y KS. att e 
if _y JON VS - = *. pa, 
2 5 
9 
Nr 8 
* 4 
A 


2 : 


, a f 
* 67.4 
% 5 2 2 0 : 
__ — WO 7 8 2 * 
n e r i 8 EZ, Pf, has, od, 


«a 6 F 
e * 


M 0 12 5 - . Lp 
— III is. As. - © 4 TONNE It EEO "Be 7 * | 
? 8 8 I = I 1 L 3 5 j * be A * | Ds s 5 "* I 75 7 ” 5 
: oe - i ; x + p © ; 


Zaly. With the Latitude left and the Latitude arrived at, find the 
Complement of Middle Latitude; with which and the Departure, 
find the Difference of Longitiide. | VV 
This Method is generally uſed in working a Day's Work at Sea; 
but thoſe that want more Accuracy my work by the following Me- 
thod, which ſhould always be done in Latitudes exceeding 51 or 52* 
where the Meridians converge very faſt, and the nearer the Poles 
the greater will be the Error; but the following Method will be 
exact enough in any Latitude where Navigation is practical. 
| the ſeveral Dilererices of Latitude found in the Traverſe 
Tables, find the Latitudes come to, Middle Latitudes, and Com- 
plement Middle Latitudes; with each Complement Middle Lati- 
' tude and correſponding Departure, find the Difference of Longitude 
to each Courſe, and ſet them down in the Columns marked Eaſt or 
Weſt, according to the Departure uſed : Add up both the Eaſt and 
Weſt Columns of Longitude, and the Difference of their Sums will 
be the whole Difference of Longitude: | 
Hence the Longitude in, at the End of each Courſe may be rea- 
dily found by adding the Difference to, or ſubtracting it from the 
Longitude left, according as the Caſe requires; as may be ſeen in 
the following Traverſe : 5 
an 
Suppoſe a Ship from the Land's End, in Latitude 50* 6g# N. 
and Longitude 6* W. is bound to Gibraltar in the Latitude 30* 12 
N. and Longitude 4* 5 W. but by reaſon of contrary Winds is 
obliged to Sail as follows, viz. 9. by W. 24 Miles, W. S. W. 32, 
N. W.iW.ar, S. S. E. 4 E. 49, E. N. E, 3E.'19, W. 21, 
N. E. 3 E. 36, S. 41, S. S. W. 92, and N. 36; I demand the 
Latitude and Longitude the Ship is in; and what Courſe ſhe muſt 
ſteer, and how far, to gain her intended Port?: ve 


a 


With the Difference of Latitude and Diffetence of Longitude 
between the Land's End and Gibraltar, the direct Courſe is found 
by Caſe I. to be 8. 321 E. or S. 4 E. neatly, and Diſtance 
835 Miles. | Ap, 15 ä 


| Now to work the above TRAyERSE. 
Find the Difference of Latitude and Depamtire for each Courſe 
and Diſtance, either by Inſpection orfptherwiſe,. as taught in Plane 
Sailing;, Which ſet down in the Traverſe Tablz in their proper 
„ ll Std 
Add 


Columns. | 


* © 2. 
4 * = 
\& | 


MIDDLE LATITUDE SAILING: 39 


Add to the Traverſe Table 4 Columns, in which write Diff. 
Long. Long. in, and Lat. in WH | | 2 

Then with the Difference of Latitude and Departure belonging 
to the firſt Courſe, proceed to find the Latitude in, Middle 
Latitude, Complement Middle Latitude, Difference of Longitude, 
and Longitude in, as follows; 1 88 
Lat. Land's End 50 N. As the S. Co. Mi. Lat. 49,54 9.80897 
Diff. Lat. oo 23S, Is to the Departure 4.7 0.67215 


+: 


RE So is Radius | 10.00000 
Latitude in 49 4 2 | 5 — — 
Latitude left. 50 8 8 3 10. 67210 


2 % monets | 9 80897 

The Sum 99 49 5 3 „ 
——ů Too the Diff. of Long. 7.3 0.86313 

Mid. Lat. 49 54 ä „ * 


gy | 1 5 „ 1 
Com. Mid. Lat. 40 o6 1 
* 25 \ 
Now to the Diff. of Longitude c'  W. 
Add the Diff. of Longitude o W. 
| D Longitude in 1 | 65 7 W. 


In like Manner proceed with the other Courſes, and when 
found as above, will ſtand as in the following Traverſe Table: 
Norz. In adding or ſubtracting the Latitude and Longitude, 
if the Tenths in the Difference be above 5, call them 1, if 
| Not, reject them, 9 5 „ . 


1 
dex 
1 ; 
2s * Z 


R r „** 4 4 * * 4 N 
Py p & wo 7 1 = C . bs wi on 
* * 2 . IS pad : NN I * 
oe” 7 * — . 


— 
— 
* * 
7 ** * 
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|- Tourer Pt] DIE; Late | Deparcare, | Di; Long: [Lat. inLoncing 


. vt 4 : % 4 


3 | * > £1 N | i | 50. 6 6 2 
10 , 4 3 1 ＋ . 7 | 


CY 
— 


8. by W. 24] | 23-5 3 .* 73 49.43 


er. ; 12.2 [29.6 [45.7 920 6.53 


= — 4 — as : 1 ; by 

| 1 2 . „ N a 
4 . W. 41 ; 26.0 © ES 31.7 149. 5 49.57 7˙42 
1 | g . * 4 : 


8. S. E. 4 E. 49 44.3 [21.0 13244] | 49-13] 7.00 


3 | 


E. N. E. 2E. 


36.0 


— | —— — — — —— 


* 89.4 [206.0 67.2 122.2 103. 4187.2 
| | — 89.4 67.2 103.4 


4, I Diff. Lat. 116.6 Dep. 58. 83.8 
bo, Hence it is plain, that the Ship has made of Southing 116.6, or 
117 Miles, =1* 57/, which being ſubtracted from the Latitude left 
= co? &, leaves 48? of the Latitude in; it's differing 2 Miles from that 
i * Randing in the Tables, is owing to the Tenths happening to be taken 
1 to large in finding the ſucceſſive Latitudes. : Ss . 

N. B. The Column of Long. in, may be omitted, for if the whole 
Diff. of Long. be added to the Long. left, it will gire the Long. in. 


* * 


The 


— 5 on tad bf ws e 0oD oo Ltd ai. ke 


As the Diff. of Lat. 717 2.85552 As 8. Com. Cou. 85 52 9.99478 


Diſtance, as in Plane Sailing; and having the Latitude left, and 5 : 


partute, finds the Difference of Longitude made . the ſeveral.” W 
8 ; 


- 


a l 


MIDDLE LATITUDE SAILING. gt 


The Meridional Diſtance or Departure is 55 Miles Weſt, and 
the Difference of Longitude 83.8 or 84 Miles=1* 24 Weſt, * 
which being added to the Longitude left 6? of, gives 7* 24 W. 
the Longitude in, the ſame as in the Table. EE 

Now to find the direct Courſe and Diſt. to the intended Port. 


From the Lat. in 489? 48.9 Prom the Lon. in 7“ 247 W. 5 
Take the Lat. Gibraltar 3612 36.12 Take Lon. Gibra. 4 53 W. 
11 57 84.21 Sum is. Diff. of Long: 2 3 
60 — n 8 4 


Diff. Lat. in Miles 717 In Miles 151 E. 
Is to the Diff. of Long. 151-2.17898 Is to the Dif. of Lat.717. 2.85552 
So is S. Co. Mid. Lat. 42.10 9.80993 So is Radius | 10.00000 | 


12.0489 9 72 | 12.886552 
2.85352 „ 9.99478 
; ; 52 2 fy : . | n 5 q 
To the Tang. Courſe 8 627 9.19339 Tjo tho Digance 725.7 2.8607 __ 

Hence the direct Courſe to Gibraltar is S8. Ma E. or S. 4 Es _ © 
Diſtance 726 Miles. . "a F-: r 

Though this Method of finding the Difference. of Longitude 
for each Courſe and Diſtance is true, yet on Account of its being 
tedious, it is never practiſed at Sea. The Mariner only finds the 
Difference of Latitude by Inſpection for each Courſe” ank 


— — 


8 by 
. b 
r 
EY; 
N « oy 


the Difference of Latitude, and conſequently the Latitude in, 
with the Sine. Complement Middle Latitude, and the whole Des" 23 


Courſes, which is of ſufficient Exactneſs for an 
may be ſeen by.the following Operation. | . 
Lat. left Fo  _ As the Sine Com. Mid. Lat. 49* 5 9.81592 


ys Run, as 


Lat. in 43 9 1s to the Departure 5 1.74036 
Tr, — So is Radigs —— 5 3 545 = 
Sum is 2)98 15 | & Sn | 4 — — 
a 1 — | s : 1 1.74036 x 
Mid. Lat, 49 7 4-6 n 


To the Diff, of Long. 84 192444 


Nearly the ſame as found by the other Method. = 

All the above may be wrought by Inſpection, or by Gunter 
but I ſhall, leave it for the Learner's Practice, and proceed to the 
true Method af Sailing, invented by Mr, Edward Fright, com- 
monly called Mercator's Sailing, 3 


1 „ 
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| T:98 1): 155 
ME RCATOR's SAILING. 
LANE SAILING, as has been before obſerved, ſuppoſes the 

Earth and Sea to 'be in the Form of a Bowles , on 


which the Meridians are parallel, and the Degrees of Latitude 
ard Longitude equal in all Places; but the Earth and Sea include a 


round Body or Globe, on which the Degrees of Latitude are equal 


in all Places, and the Degrees of Longitude decreaſe from the 
Equator in Proportion to the Sine Complement of the Latitude, 

Though the Meridians all meet at the Poles, and the Parallels 
to the Equator continually decreaſe, and that in Proportion to 


the C Sines of their Latitudes; yet in old Sea Charts the Meri- 


dians were drawn parallel to each other, and conſequently the 
Parallels of Latitude made equal to the Equator, and ſo a Degree 
of Longitude on an Parallel, as large as a Degree on the Equa- 
tor: Alſo in theſe Charts the Degrees of Latitude were ſtill re- 
preſented (as they are in themſelves) equal to each other, and to 
thoſe of the Equator; by theſe Means the Degrees of Longitude 
being increaſed beyond their juſt Proportion, and the more ſo the 
nearer they approach the Pole, the Degrees of Latitude at the 
ſame time remaining the ſame, it is evident Places muſt be very 


= erroneouſly marked down upon thoſe Charts with reſpect to their 


Latitude and Longitude, and conſequently, their. Bearing from 
one another, muſt be very falſe, | TD 
To remedy this Inconvenience, ſo as ſtill to keep the Meridians 
pn it is plain we muſt protract or lengthen the Degrees of 

atitude in the fame Proportion as thoſe of Longitude are, that 
ſo the Proportion in Eaſting or Weſting may be the ſame with 
that of Northing or Southing; and conſequently the Bearing of 
Places from each other be the ſame upon the Chart as upon the 
Globe-itfelf. - % | 
© Now to diſcover how the Meridians are expanded from the 

quator, in Proportion to the Degrees of Longitude decreaſing 
towards the Poles. | e 

Let ABD in the annexed Scheme, repreſent Ti 
the Quarter of the Meridian; FB, the Radius of 


a Parallel of Latitude; now CG, which is equal ** 


to F B, is to C D, as a Degree on the Parallel is 
to a 7 ny on the Meridian, or any great Cir- 
cle; and as CG is to- C D, ſo is CE to CE, 
the Secant of the Latitude of the Parallel. 

Therefore in a Projection of the Globe where 
the Meridians are kept parallel, it is evident, a 
Degree on the Meridian at any parallel muft be 
equal to the Secag of the Latitude of that Pa- 
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rallel; and the. Diſtance of any Point, upon the Meridian, from 
the Equator, is equal to the Sum of the Secants contained be- 
tween it and the Equator. 8 3 
Hence it is evident, that by a continual Addition of Secants, 
beginning at the Equator, a Table of Meridional Parts may be 
compoſed for every Degree and Minute in the Quadrant. 
Therefore the Meridional Difference of Latitude between any 
two Places may be eaſily found, by finding the Meridional Parts. 
anſwering to both Latitudes, and either adding or ſubtracting, ac- 
cording as the Caſe requires; that is, if both North, or 'both 
South, ſubtracted ; but if one North and the other South, added, 
gives the Meridional Difference of Latitude between them: But 
the Meridional Difference of Latitude between any Place and 
the Equator is found, by taking the Meridional Parts belonging 
to the Latitude of that Place. 1 ny | 
To find the Meridional Parts belonging to any Number of De- 
grees and Minutes of Latitude required. i 
In the Table of Meridional Parts, ſeek the Degrees on the 
upper Part of the Table, and in the left or right Hand Column 
the Minutes marked on the Top with M. PR to which, and 
under the Degrees, is the Meridional Parts required. 
Suppoſe the Meridional Parts belonging to 57* 187 were re- 


quired ? | | | . 
Look in the Table under 57, and oppoſite to 18 ſtands 4216, 
the Meridional Parts of 57" 18“. = = 5 : 

The fame may be obſerved of any Degrees and Minutes re- 
quired, FS 


* 


The Solution of the following Problems, as F 3 
well as all other Trigonometrical Operations in —.— 
Javigation, depend upon the fourth Propoſi- B 
tion of the ſixth Book of Euclid; where it is 
demonſtrated, that Triangles which are ſimilar, 
or alike their like Sides are Proportional : 
Therefore, in the annexed Triangles, ABC, | 
and AF G, the Radius, Sine, and Sine Com- 
rer or the Radius Tangent, and Secant, : 
form a right-angled Triangle; and the Sine I angent and Secant 
of any Arch in one Circle, is in Proportion to the Sine Tangent 
and Secant of the ſame Arch in another Circle, as the Radius of 
the one is to the Radius of the other. 5 

Let A B repreſent the proper Difference of Latitude; BC 
the Departure; AC the Diſtance; and the Angle BAC the 
Ship's Courſe, Produce AB to F, to repreſent the Meridional 

; TY. „ 

. 
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or enlarged Difference of Latitude; and parallel to BC draw © 
F G, to reprefent the Difference of Longitude. It is plain, that 
AB is in Proportion to BC, as AF is to FG; and that the 
Sine Tangent and Secant of the Triangle BAC is in Proportion 
to the Sine Tangent and Secant of the Triangle F A G, as the 
Radius A C is to the Radius AG: Wherefore, as the Sine Com- 
plement of the Courſe is to the Meridional Difference of Lati- 
tude, ſo is the Sine of the Courſe to the Difference of Longi- 
| tude, and the contrary. And as the proper Difference of Lati- 


tude is to the Departure, fo is the Meridional Difference of Lati- 
tude to the Difference of Longitude. „ | 


Hence it will be eaſy to reduce Departure into Difference of 
Longitude, and Difference of Longitude into Departure. phe 
"Therefore, all Caſes in Mercator's Sailing are worked by Geo- 
metry, Trigonometry, Gunter's Scale, Inf ection, and the Ta- 
bles exactly the ſame as in Plane Sailing, by only confidering 
the Meridional Difference of Latitude as proper Difference of 
Y Latitude; and the Difference of Longitude as Departure : For- 
tt is no more than enlarging the Difference of Latitude that the 
 __ Difference of Longitude may be in Proportion to the Departure, 
2ẽss the Meridional Difference of Latitude is to the proper Dif- 
'= = ference of Latitude, the Courſe continuing the ſame; and the 
Sine Complement, or Tangent Complement of the Courſe bears 
-  - the ſame Proportion to the Meridional Difference of Latitude 


. 8 that the Sine or Tangent of the Courſe does to the Difference of 
Longitude, and therefore is found in the ſame Manner, as if 


there were Difference of Latitude and Departure in Plane Sailing. ; 


8 | | | CASE I. 
Ro The Latitude and Longitude of twvo Places given, to find the Courſe and 
= | Diflance between them. 1 


What is the Courſe and Diſtance from the Lizard to the Ifland 
„ Barbudoes ? RE | ES” 


ee. Maid. e c Tan 
Ur of Barbadoes  12.66N, ———— 5 Lon .f. 


43 * * % "ai a — 
r ” 4 


; Ms ——— 
Proper Dif. Lat. in Miles 2219 | Diff. Long. 32 16M, 


* 
i 2 
* of 
2 
: * & x 4 


r 
DFF 
r 
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 EROIHST.LON, 


Draw the Meridian, and upon it ſet off the Meridional Differ-- 
0 ence of Latitude 2685 Miles, the upper End of which will te- 

preſent the Lizard, and upon the other raiſe a Perpendicular, 
which make equal to 3216, the Difference of Longitude; be- 
tween that and the Lizard draw a Line, and the Angle which it 
makes with the Meridian will be the Courſe. © 


2dly. Take in your Compaſſes 4219 the proper Difference of 
Latitude, and lay it from the Lizard upon the Meridian, and 


through where. it cuts, draw a Line parallel to the Difference of 
Longitude, which will be the Departure; and the Point where 


it cuts. the l will repreſent Barbadoes; the Diſtance 


between which, and the Lizard being meaſured on the. * 
Scale, will be 3463 Miles, the Diſtance required. 


See the Note in Caſe I. Middle Latitude 9 „ 
4 £5 , Ol oy EI 5 
. 
Th © : 2 q Þ a 
*/" 
| 5 ö 2 
By CALCULATION: — 
3 oe 
To find the Courſe, it will be, To find the Diſt. it will e = By 


Aethe Mer. Diff. ofLat.268 5 3.42894 As the S. Com. Cou. 50859 9.80% 5 


Is to Radius 10. 00000 Is to proper = 616 | 
So is the Diff. of of Long 32 0 3.50732 801 is Radius — 915 ede £ 'Y 
5 : 13. 50732 . ä 3 8e . Is 1 

e 342894 3 5 ; 9.8067r => 

—— N 5 i 

To the T. of he Con. o/ 10.07838 To the Diſtance 3463 3. 53945 4.3 
3 the direct Courſe 8 the Lizard and Barbadoes is 4 


$.50* / Weſt, or 8. W. 1 W. nearly, Diſtance 3463 Miles. 
Note, If the Latitude and Longitude be taken from Bri 

Town, Barbadoes, as laid down in this Book, the Courſe will 

S. 50* 46/ W. and Diftance 3493 Miles. See Note to Caſe I. 
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© The Extent from the Meridian Difference of Latitude 2685 
to the Difference of Longitude 3216, on the Line of Numbers, 

will reach from Radius to 50? , on the Line of Tangent. 
Zdly. The Extent from the Sine Complement Courſe 39? 510 
to Radius on the Line of Sines, will reach from the proper Dif- 
ference of Latitude 2219, to the Diſtance 3463, on the Line of 
3 -£ | | 5 


* 


Numbers. 


By INSPECTION. 


Seek the Meridian Difference of Latitude and Difference of 


Long. together in the Tables, like Difference of Latitude and 
Departure, and the Courſe will be found among the Degrees. 
Then with the Courſe and proper Difference of Latitude, find 
the Diſtance; in the laſt Caſe it will be thus: The 2cth Part of 
3216 and 2685 are 160.8 and 134.2 nearly; the neareſt to which 
in the Tables are 135 and 160 over 50˙ then with the Courſe 
Fos and the 20th of the Difference of Latitude 111 nearly, oppo- 
te to that in the Diſtance Column ſtand 173, which being mul- 
tiplied by 20, is 3460 the Diſtance, nearly the ſame as before. 


| CASE . 
Both Latitudes and Courſe given, to find the Diſtance and Difference of 
5 Longitude. | 


A Ship fails from the Lizard, and makes her Courſe S. 39* W. 

or S. W. by S. 2 W. and then by Oblervation is in Latitude 45 
31 N. 5 I demand the Diſtance run «nd Longitude ſhe is in? 

Luk of the Kad 49 * 87/N . Meridian Parts 3470 
| dar. by Obfervation 45 31 N. Meridian Parts 3074 


| . ; 8 
60 | | | 


s } * — — 
aw * * | » 
a 4 ; „ . Py 


Proper Dif. of Lat. 266 


Ti 


By PROJECTION. 


Draw a Meridian, the lower End of which will repreſent the 
Ship's Place in her firſt Latitude. | | 
and with one Foot in the Ship's Place, lay the other upon the 
Meridian, then take the Meridian Difference of Latitude 396 in 
your Compaſſes, and with one Foot in the Ship's Place, as Lars 
36 the other upon the Meridian, and upon theſe two Points raiſe 
Perpendiculats, then a Line drawn from the Ship's Place, makin 
an Angle with the Meridian equal to 39" the Ship's Courſe, wil 
cut the two Perpendiculars; the firſt will be the Departure, 
which terminates the Diſtance 342, and the otlier will be the 
Difference of Longitude 321 Miles. 33 
From what has been ſaid, it is plain; that any Caſe in Morcator a 


ſidering the Difference of Longitude or Departure, as the Baſe ; 
the Meridian, or proper Diſrencs of Latitude, as the Per- 
pendicular; the Hypothenuſe cut by the Departure, as Diſtance z 
and the Angle which that makes with the Perpendicular, the 
Courſe; for in all Caſes in Mercator's Sailing, the Meridian Dif- 
ference of Latitude bears the ſame Proportion to the Difference 
of Longitude, that the propet Difference of Latitude does to. the 
Departure. EY. „„ 
Theſe Inſtructions, being well underſtood, will be ſufficient to 


By CALCULATION. 
| To find the Diſtance; To find the Diff. of Long. 


As the S. Com; Cou. 39 9.89050 As the 8. Com. Cou. 30 g. 89060 
Is to the Diff; of Lat. 266 2.42488 Is to Mer. Diff. Lat. 396 2. 59770 


$0 is Radius 10. oo000 So is 8. Courſe 39˙ 9.79887 
| . of 

132.42488 12.390657 
8 9. 89050 | 9.89050 
| To the Diſtance 342.3 2.53438 To the Diff. of Lon. 320.7 2.50607, 
] Longitude left | 5 14 W. : 

| Difference of Longitade 32 1, or 5 21 W. 
Longitudein 10. 35 W. 

y | — 


N 3 


ME RCAT ORS SAILING. 7 


Take the proper Difference of Latitude 266 in your Compaſſes, 


Sailing may be projected as a Right-angled Triangle, by only con- 


inform the Learner how to conſtruct any of the following Caſes 


440 W 
>» * 2 * 1 


ds * a= o * 
. * k .+ s 
, ta 2 2 4 
TT e n 


at 4 * 
WAG n 


Sis MERCATOR 8 A1 LIN G. 
5 = ; 5 | 
By GUNTER. 


© The Extent from 51? to Radius on the Line of Sines, will 
reach from the proper Difference of Latitude 266, to the Diſtance 
342.3 on the Line of Numbers. : | ET 

2dly. * The Extent from 51" to 39" on the Line of Sines, will 
reach from the Meridian Difference of Latitude 396, to the 
Difference of Longitude 321, on the Line of Numbers.” 


INSPECTION... .--, 0 


+ Under the Courſe 39, and againſt 3 the Difference of Latitude 
133, ſtands 171 in the Diſtance Column, which being doubled is 
42, the Diſtance; under the ſame Degrees and in the Latituce G 
lumn, look for 4 the Meridian Difference of Latitude 198, 
againſt that in the Departure Column ſtands 160. 5, doubled it is 
321, the Difference of Longitude. 5 


Both Latitudes and Diſtunce given, to find the Courſe and Difference of C 
Longitude, :- - 
| i ES wW 
If a Ship runs 300 Miles N. Weſtward from a Port in Latitude 35 
N. and Longitude 1025 W. until ſhe be in Latitude 41“ di 
I demand the Courſe ſteered, and Longitude ſhe is in ? a 
| 0 
Latitude left 370 N. | 2 
Latitude in 41 N. n 1 
4 Mer. Diff. of Lat. B 
Proper Diff. of Lat. 240 
To find the Courſe. To find the Diff. of Long. by 
As the Diſtance 300 2.47712 As S. Com. Cou. 36® 52/ 9.90311 tt 
Is to Radius 10.00000 Is to Mer. Diff. Lat. 309 2.4899 
$0 is proper Diff. Lat. 240 2.38021 So is S. Courſe 367 9.77812 y 
| 12.38021 - | 12. 26808 
we d | 9 90311 
To S8. Com. Cou. 36* 52 9.0309 To Miles Diff. Lon. 231.7 2.36497 pe 


| Longitude 
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Longitude left 10 4% Ww. 
Difference of Longitude 231, or 3 51 W 


— — — 


— — 


Longitude in 5 14 16 W. 


By GUN T ER. 


© The Extent from the Diſtance 300, to the proper Difference 
of Latitude 240, on the Line of Numbers, will reach from Radius 
to 53 8“ on the Line of Sines.“ | | 

2dly. The Extent from 53*8' to 36* 52/ on the Line of 
Sines, will reach from the Meridian Difference of Latitude 309, ta 
the Difference of Longitude 231.7, on the Line of Numbers.“ N 


By INSPECTION: 


With the Diſtance and Difference of Latitude find the Courſe 
then in the Latitude Column belonging to this Courſe, find the 
Meridian Difference of Latitude; againſt which, in the Departure 
Column, ſtands the Difference of Longitude.- | 

Thus + the Diſtance 150, and + the Difference of Latitude 120, 
will be found flanding together in their Columns, nearly under 
37 the Courſe; and in the Latitude Column, find + the Meri 
dian Difference of Latitude 154.5, the neareſt to it is 154. ij 
againſt which in the Departure Column; ſtands 116.1, which  _* 
doubled is 232.2, the Difference of Longitude nearly as before. 


— 


o 


Both Latitudes and Departure from the Meridian given, to find the 8 
Courſe, Diſtance, and Difference of Longitude. 


A Ship in Lat. 49* 57 N. and Longitude 5? 14“ W. fails 8. 

Weſtward till her Departure from the Meridian is 789 Miles, and 
by Obſervation js in Latitude 39* 20/ N. I demand her Courſe 

ſteered, Diſtance ſailed, and what Longitude ſhe is in? 


5 - 


Latitude left 40 % N. 70 
Lat. by Obſerv. = at N. Mer. Parts 0 2 
5 oe 37 Mer. Diff. Lat. 899 
: 60 „ 
Proper Diff. Lat. 63 7 : 


, | 1 


* 
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To find the Courſe, To find the Diſtance, 
As the Diff. of Lat. 637 2.80414 As S. Courſe 5157 9.89101 
Is to Radius *' 10.00000 Is to the Departure 789 2.89708 , 
do is the Departure 789 2.89708 So is Radius 10. ooo 
| [12-89708 12.89708 
3 2. 80414 9.89101 
| To Tang: Courſe 51? 5' 10.09294 To the Diſtance 1014 3.0607 


— — 


To find the Diff. of Long. it will be, 


As S. Com. Courſe 51* 5! 9.79809 


Is to the Mer. Diff, of Lat. 899 2.95376 . Longitude left 98 7 4 
So is 8. Courſe 519 5 9.389101 Diff. of Lon. 1114, or 18 34 


— — 


12.8447) Long. in Weſt 23 48 


9.79809 8 


2 
— — — 


' To the Diff. of Long. 1114 3.04668 


—— —ꝛñm 


* 


45 BY GUNTER. 


The Extent from the Difference of Latitude 637, to the De- 
arture 789, on the Line of Numbers, will reach from Radius to 
545 5 on the Line of Tangent. 5 
2dly. The Extent from 51 5 to Radius on the Line of Sines, 
* will reach from the Departure 789, to the Diſtance 1014, on the 
Ws Line of Numbers = 0 ob. 
Zaͤly.“ The Extent from 38* 55' to 51 5, on the, Line of 
Feines, will reach from the Merid. Difference of Latitude 899, to 
fe Bifferenge of Longitude 1314, on the Line of Numbers.” 


By INS PECO TIN 


| The Difference of Latitude and Departure bein together, 
855 give the Courſe among the Degrees, and the Diſtance in its 
In the Latitude Column belonging to the Degrees of the Courſe, 
find the Merid. Difference of Latitude; oppoſite to that in the 
7: Departure lumn will be the Difference of Longitude, N 
* N i Ph 1 4 e * 5 z by hw {ow 


» = * * * * F Wy 
* N F 
„ Ao ating. min ee RrSs. -. 1 
q 2 5 * x Wa * 2 1 
22 fo ol. ac} ene W * SR 
5 e a8: ot ; 8 e 
122.16 eh : e CR ED " 9 x ny 


Now a 6th of the Difference of Latitude 647, and of the De- 
parture 789, are 106.1, and 131.5; the neareſt to theſe are found 
over the Courſe 51*, and the Diſtance 169, being multiplied by 
6, is 1014, the ſame as before. | | 

In the Latitude Column over the ſame Degrees, look for a 6th 
of the Merid. Difference of Latitude 899=149.8 ; againſt that 
in the Departure Column ftands 185, which multiplied by 6, is 
1110 for the Difference of Longitude. en EO 85 


„„ 


One Latitude Courſe and Diſtance given, to find ib Difference of La- 
2 fitude and Eigene of Longitude, 2 


* 


A Ship in Latitude 42* 300 N. and Longitude 18 F317 W. fails 
S. W. by S. 591 Miles. 1 demand the Latitude and Longitudg 
the Ship is in ? | ö IR 


To find the Diff. of Lat. it will be, TS. 
As Radius 10,00000 Lat. left 42% 3of 


| 1 2825 
Is to the Diſt. 591 2.77159 Di. Lat. 491, or 8 11 Mer, Parts 2194 


So is 8. Co. Cou. 3Pts.9.91985 — 7 
— Latitude in 34 19 Mer.Dif.Lat. 626 
12.69144 — 


: * 8 j 
10.00000 0 
7 : 


Tothe Dif. Lat. 491.4 2.690144 


— — — . j 
= + 


To find the Diff. of Long. it will beg 


As the S. Com. Courſe 3 Pts. 9.91985 | e 
Is to the Mer. Diff. of Lat. 628 2.79796 Longitude left 18 31'W; 


So is S. Courſe 3 Pts. 9.74474 Dif, Long. 420,00 O W. 


KA —ͤ—„—ñ 


12. 54270 Long. ig 
9.91985 


— — 


To the Miles Dif. Long. 419.6 2.62285 pe 


By GUNTER. 


4: The Extent from Radius to 5 Points on the Line marked 
S. R. will reach from the Diſtance 591, to the Difference of La- 
titude 491-4 on the Line of Numbers, | 8 


2 al 


* 


1 Fs 
15h 4 


— 
* 
3 * 4 
72 — Ks 22 45 
* 1% old 
E? af £ C 


w MERCATO R's 8. 1 CEN 6. 
2dly. The Extent from 5 Pts. to 3 Pts. W e in „ 


* R. will reach from the Merid. Difference of Latitude 628, to 


Under the Courſe 3 Pts. and oppoſite a roth of the Diſtance 
59.1, in the Latitude Column ftands 49. 1, which multiplied by 


by 4, gives 420, the Difference of Longitude, + Ry 


” 
- 
* 
* 


the Difference of Longitude 4 19.6, on the Line of Numbers, 
By INSPECTION. 


10, is 491, the Difference of Latitude; then find à of the Meri- 
dian Difference of Latitude 157, in the Latitude Column; againſt 
which ftands 105 in the Departure Column which:Wultiplicd 


* 


74 


y 
B's * 


„ 0 © EB 
2 


One Latitude, Courſe, and Departure given, to. fad the Diſtance, 
2 Piers of Latitude, and Difference of Longitude, 


A Ship ſails E. S. E. from a certain Port in Latitude 50? 10'S, 
and Longitude: 102 167 E. until her Departure from the Meridian 
be 957 Miles, I demand the Diſtance failed, and the Latitude 
and Longitude ſhe is in? „ . 


To find the Diſtanb it will be, © 


As the S. Courſe PE: 9.96562 — 
Is to the Departure 957 2.98091 Fo : 
$0 is Radius 10.00000 3 ; 


1 | 12.98091 
TE - *#,4. + 9:96502 8 | 
To the.Diſtan#F*;036 DS dr Wis oor Wo 


To find the Diff. of Lat. it will be, 


1 


Tobe Di. o Lat. 306.4 2 59813 


FO as 


As the S. Courfe 6 Pts. 8 Lat. left 50 08. . 1 3490 
Is to the 1 957 2.98091 _ Dif. La. 396, or 6 368. Mer. Paris 0 4157 
Fi 


Sous 8. Co. Cou. 6.Pts. 9.58284 "ET 
Bone — Ln 56 46S, Mer.Di:Lat.667 
9.96562 wn cle 


— DE — 


, 


» { - - 


, b 
To 
*. * 
* 
. 5 
. 4 
* 


' 5 Wo ® 


To Frid the Diff. of Long. it will be, 
As S. Com. Courſe 6 Pts. 9.58284 


Is to the Mer. Dif. of Lat. 667 2.82413 Long. left 10˙16 KE. 
So is the 8. Courſe 6 Pts. 9.96562 Dif. Long. 1610, or 26 50 E. 
12. 7897 5 Long. in : 37 6 Ez 
9. 58284 — — 
To the Dif, of 2 1610 3. 20691 | 


By G NT E R. 


© The Extent from 6 Pts. to Radius on the Line marked S. R. | 


will reach from the Departure 9575 to the Diſtance 1036, on the 
Line of Numbers.“ Wag 

' 2dly. © The Extent from 6 Pts. to 32Py 

S. R. will reach from the Departure 8 9 

| Latitude 396.4, on the Line of Numbers.“ 4 

dly. © The Extent from 6 Pts. to 2 Pts- 


be Line licked 
Difference of 


on the Line marked 


S. R. will reach from the Merid. Difference of Latitude 667, * 


the Difference of Longitude 1610, on the Line of Numbers. 


INS Eero 


Over the Courſe 6 Pts. and againſt a 5th of the Dep 5 
191-4, ſtands 79.2 and 207, which multiplied by 5, 27 25 


the Difference of Latitude, and 1035 for the Diſtance. 


Then in the Latitude Column find a 1oth of the Meridian 


Difference of Latitude 66. 7. the neareſt to chat is 66.6; againſt 
which, in the Departure Column ſtands 160.8, which multiplied 
by 10, is 1608, the Difference of 5 x | 


CASE vil. 


One Latitude, Diſtance ſailed, and the Departure Adi the Meridia an 
given, to po the 198 Ren, ks Latitude, and Difference Me ; 


Longitude. 


" i 


A Ship in Lande 40 30 N. and Longitude 145 400 W. tels 
S. Eaſtward 64 45 Miles, until the Departure from the Meridian 


be 500 Miles. I demand the Courſe ſteered, _ the Latitude 


ahd as ſhe _ | | "To 


M I R c ORs SAT LING. wg 


* 5 1 9 * * 2 *«s PE EEO It 1 * 
. e 4 : = . 
* * [ons 1 . 


9 | 


2% MERCATOR's SAILING: 
To find the Courſe, it will be, | : 


As the Diſtance 645 —— 2.80956 
Is to Radius — _ 1000000 
So is the Departure 850 2.69897 
5 112.9897 . 
en 


To the S. Courſe 59? 50 9 88941 Fi ah 5 N 


nes. 4 


Hence the Courſe is S. 50* 50/ E. or S. E. 2 E. nearly: 
To find the Diff. of Lat. it will be, 


As the S. Cou. 50? co! 9.88948 - . 1 . 
Is to the Depart. 500 2.69897 Lat. left 49% ,ÿ % N df 
80 is 8. Co: Cou. 5&*5o' 980043 - Dif. La. 40, or 6 47 S. Mer. P. * 5 


12.490940 Lat. in 4243 N. M. Dif. La. 588 
1 9.88948 | | 
e — — ; 


Co the Dif: of Lat. 407 2.60992 


67 


Jo find the Diff. of Long. it will bez 
5 As 8. Com. Courſe 80 50 9. 80043 5 1 
Ie ts the Mer. Dif. of Lat. 588 2.76938 Long. left 14 ,0W:. 
$0185; Courſs 5e 50 9.88948 Dif. of Lon. 722, or 12 02 E. 
> 4-7 12.65986 Fobg, ik 2 38 W; 


6 3b To the Dig. of Long. 521.8 2.85845 


Ne 


—ͤ—ñ—ÿƷ—ͤ—t — 
* 


The Extent from the Diſtance 64: to the Departure xc oj 
the Line of Numbers, will reach fraß, Radius d d 
Line of Sies. 3 


2dly. The Extent from 50* 500 to 39% 10/ on the __ ” 


ines, will reach from the Departure 500, to the Di | 
Latitude 407, on the Line of Num 4 » tw. £ Difference of 
| WL 


. 2 6 7 
5 r 8 
* * x , * "Ne " - 
8 & n * L - 

v3.4 2.4 1 
N 3 * . e * 2 \ * "_— — . ads Mes 
85 N rd. 8 "If S 

3 55 4 2 2 $5 2 os an x; * 5 88 4 
n 5 1 en S f 


20e rt OgD <cC 2 2. 2 


| MERCATOR's e e an 


282 fo at 20 2 85 e , 
reach from the Meridian rence' titude 
8 ifference of Longitude 722, on the Line of 2 : 


b INSPECTION, 


Iv a Fifth of the Diſtance and Departure are 12 g and. 10 
and are found together over 513; and in the Latitude Colum 


2 81. 2, which multiplied by 5, is 406, the Difference of La- 


. ben in the Latitude Cem ſeek 3 I of the Meridional Differ= 
1 00 of Latitude 147, the neareſt is 140.6 3 which, in the 
Departure De E. . . 4, is 724. 4, the 
D; erence o Te 


W 


45 1 A 8 * vm. 
Our Latitude Corſe, and Difference e Longitude iven, to the 
. W and . elne AY . 


If a | Ship fails 8. W. by W. from the Lizard; until A e 


A 


Longitude 57” 2's I _ the Latitude the Ship is in, — 


D asd: 
Longitude failed Gam. „ 14 : 
, E the Ship is in 87 26 : 
52 12 
5 — = 


DIR of 3 in Miles 3132 
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. 


which i in the T Table es 22 22 / the Latitude come to Het 

off the pt DN ce of Latitude 1655 from A — 

the End eoß raw * Linn parallel to the Diffetence of 

F A by wo be 2h e Departure; and where it cuts the 
c 


to A,. bein wed ill be the h 
Miles; to find which by Calan,” 2 £4 
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As the 8. Courfe 5 Pts. 9.91988 55 Lat! Lizard 490 $5 Mer. Parts 4470 
is to the Dif. Lon. 3132. T 49582 Lat. come to 22 22 Mer. Ta. 2093 
* 18. Co-cou. 5 Pts. 9:74474 Diff. Lat. 27 38 — 
— — 60 l parts 13 17 
413. 24056 f, come to 
1 . 4 — 1 4 * 


Türe t L = 3. Wt. 


1 


+# 


Ad Sine —_ Courſe 5 Pts. 9. 744 " 1377 tag” looked for 
Is to the Diff. of Lat. 165 5 3.21886 in the Table of Meridio- 
5 So i is Racine * — 100 nal Parts, will be found 
. ſtanding under 225, and 

19 1096 oppoſite to 227, hence the 


7 = 9.74474 Latitude come to is 22 


— — 22 North. 
To the Diſtance 2979 M. 3.47412 


2 N 5 . 


Cob e 


From what LY bo 1 ald it it will 5 eaſy to foe a Trave, 
according to dhe Rules of Mercator's Sailing.” 


bn 
"How tc to ſolve a Traverſe 1 has been alretdy te FLIES in Plant 
and Midale Latitude Sailing; we ſhall now proceed to ſhew how 


5 EY oo make proper Allowances for Longitude, according to Mercators 
a. Fe. which may be eaſily 22 * ny of the fol 


ods: 


7 
5 


Rule I. | Complete the Traverſe Tale as in Plane Sailing, ond 
ith the whole Difference of Latitude and Departure, find the 
Vina Courſe, Diſtance, and Latitude in; with the Latitude left, 
and the Latitude in, find the Meridional Difference of Latitude 
with which, and the Courſe (found as above) find the whole 
Difference of Longitude made upon the ſeveral Courſes.  _ 
This Method is in common practiſed at Sea, but thoſe that 
want a greater Pegree of Accuracy, may uf the following, which 
ſhould always Be-done in Latitudes higher than 51 or 5 as has 
punt e Niddte Latitude ; Sailing, 


Rule II. To the Praverte Table annex NA Cue, in n which 


write Latitude in, Nifference of Longitude, and Longitude i in. 


Latitude in Meridionalt Differece of Latitude for each Courſe. 

To each Courſe, and its correſponding Meridional Difference 

of Latitude, find the Differenes of 99 which ſet down in 
| proper alten. wb 7 


12 
2 
5 
*. 


e 


e 11921 | 


dae left, and Difference of Latitude, find the 
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2 he Differenee of the Sums of the Eaſt and Weſt Columns of 
itude will give the Difference of Longitude; or with the 

Bides ence of Longitude find the * in, at the End of 

— Courſe. - 1 

| Theſe Methods will be exemplified In the Wing Traverſe, "I 

- which is the ſame that was taken in Middle Latitude Sailing, that * 
the Learner may ſee the Difference between Middle Latitude 5 

92 6 ailing. | 


EXAM TR 


Su oil a Ship from the Land's End,” in Latitude 50? 60 N. 
and Longitade 6* of W. is bound to Gibraltar, i in Latitude 36* 127, 
and Longitude 4* 53 W. but by Reaſon of contrary Winds is 

. d to fail as fol ows; Viz. 8. by W. 24 Miles, WS. Wa 239-- 

„ W. 41, Sp: E. ; E. 40, E. N. E. 1 E. 19, W. 21, 

N. E. E. 36, 8. 41, 8. 8. W. 92, N. 36. 1 demand the. La- 

titude and Longitude the Ship is in, and what Courſe * muſt 
ſteer, and how far, to gain her intended Port? 


" . 
1 „ 


With the proper Difference of Latitude 824, Mandional Differ» 
ence of Latitude 1151, and Difference of Longitude 67, the 
Courſe between the Land's g and Gibraltar is found to be 8. 
P 200 Eaſterly, or S. x E. 907 L. and Diftance 835 Miles. 

Then with the Difference of Latitude and Departure belongi 

to the firſt Courſe, find the Latitude in, Meridional S 
| Latitude, Difference of. Longitude, and Longitude? in. 


Latitude left —— 80 N. 
Difference of Latitude 23 8. 


Latitude in 49 43 N. 


As Sine Com. Courſe — Pt. 9-991 57 | * | ; -1.0 
So is Sine Courſe iPt, 9.29044 


72 
52 


| Ta the Dif, of Longitude | 7.1 0.85497 


* 


1 * FX 2 * 1 4 2.444 
by © 5 1 
” , 3 * i% 
5 ; 
4 
— . 
* * - 
2 - | 
( ) 5 1 
2 y 
. 
J £ 5 _ 
= 2 " 
> - 
0 N 
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* 9 F £ . 
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Longitude left 6 OW. N 
Difference of Longitude 7 W. 
Longitude in = 6. 7W. 12 2 5 


© Now as the Difference of Longitude being w. it wuſt be ſet in 
the Column marked W. and ſo with the rest, but we ſhall leave the 
Operations to exerciſe the Learner, and proceed to ſhew how to 
work the ſame, 


By INSPECTION. 


| An in the Tables under 1 Pt. in the Latitude ee for 
Meridional Difference of Latitude 36; the neareſt is 36. inſt 

' which, in the Departure Column, ſtands + m_ the IL Wente of 

Longitude, which ſet down as before direct LSD 


In like 'V''2 proceed with the other Courſes, and when 
found, will ſtand nearly as in the following TRaverss Tas, 
always adding or ſubtraQting the Difference of Latitude and Dif- 
ference of Longitude, as the Caſe requires, to find the Latitude 
and Longitude in at the End of each Courſe ; or, without finding 

the e in at the End of every Courſe, find the whole 
Difference of Longitude, and with that and the Longitude left 
find the Lon 5 in, "which is rather. better, as the frequent 
Omiffion of 1 make a mall Difference. 

5 3 OY ö e 


* — N 5 * r 1 
be A 4 8 i * 
* 


oY A. 


* 
*” oo low pats > . | wr” n ena Rag 


MERCATORSCSTAFLIN'G, wy 
bins 5 Th a ＋ R A E RSE TABL. E. | 


fi 0 4 + + e . 0 = v ] + ww 4 *. 17 „ 2 : * * ” . £ 
9 12 x 1 5 8 e : 4 * : 3 oY $4 "2 ** 38 7 » 
g Diff. Lat. arew 
H =y — 
| Gouries; 94 | * Lat, in 


4 
* 
n ** — — 2 = OY 2 
of Be *1 *_ * af b TTY _ —_—— 
1 4 i 5 . a . 3 as & * + + „ 4. * e 
f: 50. 6 
1 0.3," = ; 5 
b © N 88 f i + 4 * is © "ig 
A * - 
* a * 1 * * * 7 ag | AS hy * — 5 
a f a „ SE In 
* . * is y 


S. by W. [24] | 235 |: | 47 | 49:48 


y : —. 12 


V. S. N. Ez % | 29 


K. WZ WI i E [te ID 
» : » 
4 L * 8 W * -4# p 9 pa 5 141 3 4 = 1 i 4 . 5 je # : ; 


8.8. E. E % | 443 


N 7E. 1946 no 
8 


- he ub 


N. E. A K. 


Gr 


th eb? FR whach b * from the 
Caan leaves 8 of the Latitude j and its di 
Table} Wowing'ts ths Tenths be being i. oed 


* 1 1.1 2113 bel 
But * This mutt be found by Middle Latinas 


** . 
— 


— 


* A P Wy 
' 14 7 
a? & 4 * uw 4 
* 5 
* 2 * 
* 
f * 
F * A. 4 * 5 
be hy Facts 
: e 
8 Fr s 1 3 1 — 
2 g & E 9 * 4 \ 6 
1 *, tk >» 


210 MERCA T'O Rs SATILI N G. 


The Meridian Diſtance or Departure is 55 Miles Weſt, and 
the Difference of Longitude 77.6 or 78 Miles 15 187, which being 
added to the Longitude left & 4 gives 7* 18 Weſt, the — 
15 nearly the ſame as in the Table. 


Now to * the direct en and Diſtance to the intended Port. 
From the wn 3305 From Long. in 718 W. | 
Take e 36 bs | ws ru. {3 95 * ä 53 W. O 

11 57 Mer. Dif. Lat. 972 vi 1 WS ti 
60 9 1 1 5 a 
1? Dif. of Lat. 95195 Miles. DiF. of *. r45Miles = 
| AstheMer.Dif#.ofLat.c 972 2.98767 As che S. Com. Cou. 8 29 9 9-995 99522 . 
Is to Radius 10.00000 Is to the Diff. of Lat. 717 2.85552 6 
80 is the Diff, of Len. 145 2-16137 80 is Radius 10,00000 . 
| - 22.16137 | 27 8 | : . 12.85 657 
: 1 9.99522 


voce. aua con. ra $15270 Wi De 7 3p | 


Cre” h 


2 Hence the di Courſe to Gibraltar i is 8. 8 20 E. or r 81 E. E. 

K nearly, and the Di 57. 725 Miles. 

Now to find the Difference of Longitade by the firſt Rule, or | 

| cha t commonly bat at Sea. 5 | 

p68 28 Lat. E ag 50 | 3484 

| L 8 =: ap 8 1 4 240 | Merid Parts 25 
11 


5 8 5 Dis. of Lat. | 2 a 57 Mer. Dif. of Lati 199 279. 


Ast oe pig, a. 116. 6 2.06670 As. S. Com. Con. 5 1 ras 
er Diff gat. 179 2.25285 


- MA => 


1 5 
1s to Radius I10ð0ͥ.ooοο 6 
80 is ä 55 1.74036 55 I courſe 250 I Ty 9.6299 

| 2 N 8 
2 | 5 11.8 
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fafely depended on for one Day's: Run in Latte lt ex 


ceeding | 
2 Degrees North or South, as ma be _ aring 
the Reſults ofthe following Eximple + 4 D's "I. 1 — 


1 * * 
N ** 111 24211 I 
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E * A M p L' E. wr ol 


SEL S ö 5 * * * 2 % n 1 8 3 1 
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| . n 5 3 don — 6 n f 
gs N. 2 5 38 | . * 1 5 182 57 Ns 5 + 
N. Ne . 56 igadt þ fe ee: | 049] 040% . 
e N. 1 2 30 30.0 nn 7 71 19 1882 a 
N. W. by N. 25 1 88 28 13.9 71. 40 | 274.4 : 44.0 
N. N. W. W. 36 31.7 17. %%, 0 
N. by E. | 40 | 39-2 | 7-8] ,|72 511 260 ( T 
IN. E. by E. E. 72 33.9 63.5 73 25 219.4 
8. E. 50 | 35-3] 35-3 72 50 120.6 
E. N. E. 55 2 5] 2 0 73 15 20%. s 2 
| 3115 350 249.9 30 % 812 99% 
0 a F 43s [ J99˙5 N 
. ho Dit | 2 276.1 | 219:0 > [Dep. Di.Lo. 713-2 . 
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With 1 Tenth the Difference of Laticude and Departure, vie: 1 
27; 6, and 21.9, the Courſe is N. 38, 30 E. and Diſtance 353 Miles. 

The Meridional Difference of Latitude is 852, with which and 
the direct Courſe 38 30“, the Difference of Longitude is 676, _ 


being 37 Miles too ittle;/ 2 Quantity conſiderable enough to 
| produce fatal Conſequences, "I 1 


Lat. left 685 380 N. Lang. left 8 od E. 
Diff. of Lat. 4 36 157 5 oy. 5k | ; 2 5 8 
p 5 F O 33 3 


? | Lat. of N, Gann ye; UP 583 ape's ng. 26 K* 


. 
a f D | «ua 
Dif. of Lat, 1 N. . if. Lat — | LE Loan: 
Or 107 Miles, 25 Fry : | — en 
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Now to Meridional Difference of Latitude 353, and Differences 


of Langity (3679 the ourſe.is N. 45" 20/ E. and to Courſe 45. 20 


and proper Difference of Latitude 107, the Niftance is 152 Mies. 
Hence the direct Courſe to the Cape is N. E. nearly, and Diſ. 
tance 152 Miles. C³Vaß„ 8 FEED 


„Haring gone through the neceſſary Problems, in Mercater's 


Failing, we hall now proceed to ſhew how the true ChHakr, 
mo | 
Whol, 


| nly called Mercators Chart, may be conſtructed either for 
the'Whole, or any Part of the Terraqueous Globe. 


en a Chart is to commence from the Equator, or if the Equator 


r is to run through it. | 
| hy. ks : if ” ; 5 | 5 ow . JE 5 4 
Having provided a Scale of convenient length, draw a Line to 


repreſent the Equator; and crofling that at Right Angles, ano- 
ther, to repreſent the Meridian of ſome known Place, ſuch as 


» Paris, the Lizard, or any other Place whoſe Longitude is 


* . | known; the upper End of which will repreſent the North, and 


the lower the South. | | | 

From the Scale take 60 in your Compaſſes, and with one Foot 
ypon the Meridian, ſet off that Diſtance on both Sides of it upon 
the Equator, if the Chart is to contain Eaft and Weſt Longitude; 
but, if it is only to contain Eaſt or Weſt Longitude, lay it off 
upon that Side of the Meridian the Caſe requires: That is, if the 
Longitude is to be Weſtward, lay it off on the left Hand Side of 
the Meridian: but if Eaſterly, the Right Hand Side. | | 
Again, take 2 Degrees or 120 Miles in your Compaſſes, and ſet 


it off from the Meridian, in the ſame Manner as belt; or, 


with 60 Miles in the Compaſſes, turn over from the Meridian, 
and that will point out the Degrees of Longitude, which may be 
divided into Halves, Quarters, or Minutes, if required. pi 


Having ſet off as many Degrees of Longitude as you intend 


the Chart ſhould contain, through the laſt draw a Line (or Lines) 
aralle] to the Meridian, which will be the Bonds of the Chart, 

Eaft and Weſt. FE; Mi 4 
Having divided the Equator as above, proceed to ſet off upon 


the two extreme Meridians from the Equator, the Meridional 


Parts (as found in the Table) belonging to each Degree of Lati- 


' + tude; that is, take from the Scale in your Cempaſſes, the Miles 
- -.- anſwering to one Degree in the Table, and with one Foot in the 
Eguator, ſet off that 5 

- = Meridians, if the Chart is to contain North and South Latitude; 
but if only North or South, upon one Side of the Equator. 


iſtance on each Side of it upon the extreme 


Again, 
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Kin, take the Meridional Parts anſwering to 2 Degrees and 3 


Degrees, &c. in your Compaſſes, and ſet them off upon the Me- 
ridian from the Equator, as before. B+ SR. 
In like Manner proceed to ſet off as many Degrees as you in- 


tend the Chart ſhould contain: Or, which will be the ſame 
Thing, take the Meridional Difference of Latitude between any 


two Parallels, and ſet them off ſeverally-from the leaſt Latitude. 


Lay a Ruler on each of theſe Diviſions, and draw Lines paral- 


le] to the Equator, and they will be.the Parallels of Latitude: 


each of which will be enlarged towards the Poles, in Preportion 
as the Degrees of Longitude are. "4 W 

Parallel to the Meridian, draw Lines through the Points, ex- 
preſſing the Degrees of Longitude, to cut the Parallels of Lati- 


tude, which bound the Chart North and South. 


The Parallels of Latitude way alſo be divided into Halves, 
Quarters, or Minutes, by taking the Meridional Parts for De- 


grees and Minutes, and ſetting them off as before. | 
Draw double Lines on the Borders of the Chart, and mark out 
the Degrees of Latitude and Longitude; and, in ſome convenient 


Place, draw the Compaſs. In like eee may a Chart be made 
D 


that ſhall contain any Number of Degrees and Minutes required. 


ligen the Chart is not to commence from the Equator, but is only 


to ſerve for a certain Diſtance on the Meridian, between''two RES OG: 
Parallels on the ſame Side of the Equator, then the Meridians are 
to be drawn as before; and for the Parallels of Latitude you are 


to er. thus: 


rom the Meridional Parts anſwering to each Point of Latitude 


in your Chart, ſubtract the Meridional Parts anſwering to the 


leaſt Latitude, and ſet off the Difference ſeverally from the Pa- 


Tallels of the leaſt Latitude upon the two extreme Meridians, _ 


and the Lines joining theſe Points of the Meridian will repreſent : 


the ſeveral Parallels upon the Chart. 


Let it be required ts draw a Chart that ſhall ſerve from the 


Latitude of 14 Degrees North, to 52 Degrees North, and that 
ſhall contain x Degree Eaſt, and 26 Degrees of Longitude Weſt 
of the Meridian of London. Sce the Chart. 5 a 


Draw a Line to repreſent the Meridian of Landon, from which 


ſet off 60 Miles towards the Right Hand, for 1 Degree of Lon- 


itude and on the other Side towards the left Hand, ſet off 26 
egrees of Weſt Longitude, as before directed; through the two 
laſt Points draw Lines Parallel to the Meridian of London, and 


theſe will be the extreme Meridians, or Eaſt and. Weſt Bounds 


of your Chart. . * 
Having drawn the two Meridians on the lower Edge of the 


+ 


Paper, draw a Line perpendicular to the Meridians, to repreſent _ 
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the Parallel of 14 Degrees North; then from the Meridional Parts 
anſwering to 15 Degrees 910, ſubtract the Meridional Parts an- 
ſwering to 14 Degrees 848, and take the Difference 62 in your 
Eompaſles, and ſet it off from the Parallel on both the Meridians 
from you, and that will repreſent the Parallel of 15 Degrees. | 
Again, take the Meridional Parts of 15 Degrees 555 from the 
Meridional Parts of 16 Degrees 973, and ſet off the Difference 63, 
upon the Meridians from the Point repreſenting'the Parallel of 15 
Degrees ; and that will repreſent the Parallel of 16 Degrees. In 
like Manner proceed to ſet off the Parallels upon the Meridians. 
Or, if the Meridional Parts of 14 Degrees be ſubtracted from 
the Meridional Parts of every ſucceeding Parallel, and the Differ- 
ence be ſet off from the Parallel of 14 Degrees upon the Meridians, 
theſe Points will repreſent the ſeveral enlarged Parallels of Lati- 
tude, the ſame as before; and, if it be required that the Meridians 
ſhould be divided into Degrees and Minutes, the Meridional Parts 
for ſuch, muſt be taken from the Table, and ſet off as above. 
. Having ſet off as many Parallels as you intend the Chart ſhould 
contain, through Each Point draw Parallels, or if you think draw- 
ing Lines through every Degree will croud your Chart too much, 
you may divide the Borders only, into ſingle Degrees, &c. and 
draw Lines through every 5 Degrees of Latitude and Longitude, 
as in the Chart. | 
Take from the Table of Latitude and Longitude of Places, the 
Latitude and Longitude of each particular Place contained within 
the Bounds of the Chart, and lay a Ruler over its Latitude, and 
another, crofling that, over its Longitude, the Point where theſe 
croſs will repreſent the propoſed Place upon the Chart. In like 
Manner may any Place be readily marked. Hence, the particular 
Points of a Sea Coaſt being laid down as above, and Lines pro- 
perly drawn from Point to Point, will form the OQut-lines of the 


Sea Coaſts, lands, &c. to which may be annexed, the Depths of 


Water, Setting of Currents, and whatever elſe may be thought 
.convenient for the Chart to contain. | | 
This Map or Chart is not to be conſidered as a juſt or ſimilar 
Repreſentation of the Earth's Surface, for in it the Figures of 
Iſlands and Countries are diſtorted near the Poles. For, 
. Suppoſe an Ifland in the Latitude 60 N. or S. where the Breadth 
of a Degree of Longitude is juſt à as large as a Degree upon the 
Equator. Now as the Degrees of Latitude are enlarged in Pro- 
| "5 gh as the Degrees of Longitude 'are expanded towards the 
Poles, it is plain, that every Eoint of that Iſland or . 
being laid down in its proper Latitude and Longitude, will 
. repreſented twice as large as it really is. 


Henee 
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Hence it follows, that as the Degrees of Latitude are every 
where increaſed like thoſe of Longitude, it is plain the Bearings 
between Places will be the ſame on this Chart as on the Globe; 
and the Proportions between the Lat. and Long. and Nautical 
Diſtances, will be the ſame upon this Chart as upon the Globe. 

And fince the Meridians in this Projection are Right Lines, it 
follows, that the Rhumbs which form equal Angles with the Me- 
ridians will be ftrait Lines, which renders this Projection of the 
Earth's Surface much more eaſy, and proper for the Mariner's 
Uſe, than any other. | 1 4h 1 rv, 

 Gunter's Scales have drawn upon them 2 Lines, one marked 
M. R. ſignifying the Nautical Meridian; and the other directly 
under it marked E. P. ſignifying Equal Parts or Degrees of Lon- 

gitude upon a Mercator s Chart. ps: | * 


0 


Thoſe are Equal Parts or Degrees of Longitude, to which the 
Degrees of the Nautical Meridian are fitted, by increaſing them in 
their true Proportion; hence the Limits or Bounds of a Mercator's 
Chart by theſe Lines are eaſily made, by transferring the Diviſions 
correſponding to the Degrees to be uſed, from the Scale to the 
Paper the Chart is to be drawn upon; but as the Degrees drawn 
by theſe Lines are too ſmall for the Seaman's Uſe, it is much 
better to uſe a Scale of equal Parts as before, and conſequently 
the Degrees may be made of any propoſed Length  -  _ 


By the Latitude and Longitude in, to prick off the Ship on the Chart. 


Rur. Lay the Ruler acroſs the CHarT in the Latitude your 
Ship is in, then look upon the Equator, or Line marked with 
the Degrees of Longitude, for the Longitude your Ship is in by 
7 Reckoning, and ſetting one Foot of your Compaſſes in that 
ongitude, take the neareſt Diſtance to ſome North and South 
Line, and from where that Line croſſes the Edge of the Ruler 
that lies in the given Latitude; lay off that ſame Diſtance along 
the Edge of the Ruler to the Right Hand, if the Longitude you 
are in was to the Right Hand of the North and South Line, or 
to the left Hand, if it was to the left Hand; where this falls 
will be the Place of the Ship: But this will only do when the 
Longitude marked on the Chart, and your Reckoning of Longi- 
tude in, are both counted from the ſame Meridian. Therefore, 
far a general Rule, take the following; viz. 


By the Latitude in, and Longitude made, to prick off the Ship's Place, 


| Rus. Set one Foot of your Compaſſes in the Place you take 
your Departure from, and take the neareſt Niſtance to ſome 
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North or South Line, and from where that Line falls upon the 
e or the Line marked with the Degrees of Longitude, ſet 
off that Diſtance the ſame Way the Place lies from it; that is, 
to the right Hand, if the Place lies to the right Hand of the 
North and South Line, or to the left Hand, if it lies to the Weſt; 
and make a Mark with a Black-lead Pencil; this Mark will ſerve 
to prick off by, till you come to take a new. Departure; and then 
take and rub it out, and make a new one as before. +: : + - + 
Then lay a Ruler acroſs the Chart in the. Latitude you are in, 
and taking ſo many Degrees in your Compaſſes from the Line 
of Longitude, as your Longitude made comes to, ſet them eff from 
your Blead-lead Mark along the Edge of the Ruler to the Eaſt. 
ward, if the Longitude made be Eaſt, or to the Weſtward, if it be 
Weft : where this falls will be the Longitude the Ship is in by the 
Chart; from which take the neareſt Diſtance to ſome North and 
South Line, and from where that Line, &c. as in the firſt Caſe. * 
The Ship's Place on the Chart being found, as before taught, 
It remains in the hs to ſhew how to find the Bearing and iſe 
tance of any Place from the Ship; and firſt, e 


To find how any Place bears from the Ship. 


RuLz. Lay a Ruler from the Place of the Ship to the Place 
you would know the Bearing of; then ſet one Foot of the Com- 
paſſes in the Centre of ſome Compaſs near the Ruler, and take 
the neareſt Diſtance to the Edge of the Ruler; then run one Foot 
of your : Compaſſes along by the Edge of the Ruler, and ob- 
ſerving what Point of * Compaſs the other comes neareſt to, 
which will be the Bearing required. + oe ets 


To nd the Diftance of any Place from the Ship. 
CASE 1 . 

17 the Place be in the fame Longitude that the Ship is in, that is, 
if it bears due North «x South, then the Difference of Latitude 
between them, turned into Miles or Leagues, will be the Diſtance. 

C-4AS'E U: „„ 
Ik the Place be in the fame Latitude the Ship is in, that is, if 
it bears due Eaſt, or due Weſt, then take Half, the Diſtance be- 


tween the Ship and the Place in your Compaſſes; and ſeeting one 
Foot on the Line marked with the: Degrees of Latitude, in the La- 


5 titude the Ship is in, ſee what. Latitudes- the other Feot will reach 


5 ts ! $1 to, 
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to, both Shove and below it; the Difference between theſe two 


Latitudes will be the Hiſtance required. 


When they are neither in the ſame Latitude nor in the ſame Longi- 
| „„ nn 1 pe 5 nes: : 


RuLE. Take the Difference of Latitude between both Places in 
your Ccrapaſſes from the Equator, or graduated Parallel; and 
aying a Ruler over both Places, put _— oot on the Ship's Place, 
and ſlide your Compaſſes along the Edge of the Ruler (holding 
both Points 3 to the Meridian) until the other cuts the Pa- 
fallel of Latitude paſſing through the Place, (or E. and W. Li 
cut by the Ruler) and then ſtay the Compaſſes. Take the Diſ- 
tance between where the Point reſted by the Edge of the Ruler 
and the Place (or where the Ruler croſſed the aforeſaid Eaſt and 
Weſt Line,) in your Compaſſes, and apply it to the Equator, or 
graduated Parallel, and that will give their Diſtance in Degtees, 
which may be turned into Miles or Leagues; and in the ſame 
Manner as you find the Bearing and Diſtance between the Ship 
and any Place, you may alſo find the Bearing and Diſtance of 
ene Place n ̃᷑ ! nal OST OT OY Rn 


EX AMPLE 


Required the Bearing and Diſtance between Cape St. Vincent and 
ee, Po "TY 


oo 


Lay a Ruler over both Places, and take their Difference of La- 
titude 8*'3o', from the Equator or graduated Parallel, in your 
Compaſſes; and flide one Foot along the Edge of the Ruler from 
Teneriff (holding the other Point in the Direction of the Line CB). 
until the other Point juſt touches the Eaſt and Weſt Line (AB) 
paſſing through St. Vincent, as at B, from C where the Foot of 
the Compaſſes reſted, by the Edge of the Ruler, and St. Vincent 
being meaſured, and applied to the graduated Parallel, gives 10 
2-third Degrees, or 640 Miles the Diflance. 8 

Again, take the neareſt Diſtance between the Centre of the 
Compaſs in your Compaſſes, and Niding them along the Edge of? 
the Ruler as before directed, you will find the Courſe to be S. WM 
by S. W W _— 
Hence the direct Courſe between Cape St. Vincent and Tenerilt 
is S. W. by S. 3 W. Diſtance 640 Miles, or 213 1-third Leagues; 
and the ſame with other Places. | > | 
e 5 OBLIQUE 
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OBLIQVE SAILING: 


W. come next to the Doctrine of Oblique Triangles 1 ied 
to Problems of Sailing; and though it may be applied to 

the meaſuring of inacceffible Objects, yet we ſhall confine it to 
thoſe Problems which are more immediately neceſſary in Navi- 
gstion; and is chiefly uſed in taking the TP. of n 
Sea-Coafts, &. as follows: 


e 


urs ft then I ſtood away W. N. W. 5 Leagues, or 
_ x5 Miles, 5 the ſame bore from me N. E, 4 E. 1 demand S 
> | of the Ship from the laſt Station to the Cape? 


By PROJECTION. 


8 * the Compaſs N. E. S. W. let A repreſent tho 


Place of the Ship in her firſt Station, and draw the W. N. W. 
Line A C, equal to 15 Miles, then will C be the Place of the 
= in her ſecond Station. 

From C, draw the Line C B parallel to the N. E. 4 E. Line, 
Won it, meets the N. by E. Line A B, in B; then will B repreſent 


the Cape of Land, and O B the Diſtance of the Ship u at her ſecond 5 


Station. 


In the Triangle A BC, are 
F ua to 15 Miles, 
In 78 45 / equal to 
* einn die Diſtance between 
ibe N. by F. and W. N. W. 
the Angle B equal to 39* 227 
or 32 Points, the Diſtance be- 
zween the N. by. E. and N. E. 
IF and the Angle C-equal to V 
5 or 5x Points, the Diſ- 
. $6 . the W. N. * 
7 8. W. * W. | 


along the Shore, I faw a a of Land which bere - 


<> woos icq tat kl A twnd de tos 


in ad A > tang 90 > NA ow» Qs _IHAtwsd fad 3, of 


* 


— 
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| Whence to find the Diſtance C B, it will be, 


As the Sine Angle BB :! 395 230 9.80225 
Is to the Side A C — - "ES 1.17609 
So is Sine AnfleA A == © 784 9.99757 
: | 7 | 3 5 Tc hs 

| | e 11.1670 


To the Side CB 2 26 the Diſtance of the from the 
© S098 at her 2225 Station Es * 2 T 3638 


„ 
> 1 


-E ASE. II. 


Coaſting * the Thos: I faw-two Head-lands, the firſt bore 
N. N. Ws the ſecond N. N. E. 4 Eaſterly, then ſtanding * 
E. by N. + Northerly, 16 Miles, the firſt bore from me W. N. 
the ſecond N. W. by N. x; Weſterly. 

I demand the Diſtance of each of theſe Head- lands Sehen the firſt 
Place, as alſo their l and Diſtance from each other ? 

Having drawn the 5 

Compaſs as before, 

let A repreſent the 

Ship at her firſt. | 
Place, from which 
draw the N. N. W. a e 
Line AD and the 
N. N. EI E. Line A 
C, andalſotheE. by 
N. 2 N. Line A. B 
which make l 

to 16 Miles, then B 
will repreſent the 
Ship at her ſecond 
Place; from B draw ; 
BD parallel to the 
* 52 W. Line 
an arallel ta 
the N. W. by N. 2 _ 
W. Line, meeting 
the two firſt Lines | | 

in the Points C and 7 
D, then D will de 


the firſt, and C the ſecond Head-land; ; Jain the Paints D and C, and D 0. 
will de their Diſtance aſunder. T ben draw a Line parallel to P 8 


v 
. 


through the Centre of the Compaſs, and that will ſhew their Bearings _ we 7 
e oed we e * F e 


af + OK n * 
* 8 2 * 4 
n 8 


Ps PETE „ nnn. 
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| By CALCULATION: { 
To 9 5 77 find the Diftance of the firſt Headland 8 
| 3 fo the Triavgle DAB are given the Angle D A B 82 Points= 1 
95 37', the Angle contained between the N. N. W. Line A, , 
and E. by N. 4 N. Line A B, and the Angle A B D 3x Points = 4 
390 22” the Angle contained between the E. by N. 2 N. Line I 
AB, and W. N. W. Line B.D; aa AB. 36 Net, wy 8 
Axiom fecond, it m be, | 1 1 | 
As Sine Angle. A — 5 17 84961 
Is to the oppoſite Side AB  ——— | 2 | 7257. 2 
: So is Sine 1 ABD: — 39 22 9.80228 7 
Us 155 * 5 ' . | 55 ED A et 
To the Side A * 14 35 the Dit. of the firſt Headlapd 1 þ 
3 or 
: * >. f Ci 
"7 "_ the D. 2 f the ſecond Haul. lud. | 
8 
* | In the Triangle ABC are given, the Angle BA C 3 FR 
LL 2x, the Angle contained between the N. N. E. 4 E. Line A C, 
1 ET the E. by N. 2 N. Line AB, and the Angle A B G 61 
TT l 19“, the Angle contained between the E. by N. 2. N. A 
BJ Line A B, and the N. W. by N. ; W. Line B C, and the Sice it 
* 16 Mile, whence by Axiom ſecond, it will be, | | 8 
A As Sine Angle A CB 65? 30 45 96501 5 
2 5 # Is to the Side AB 105 1.2412 
* [So is 1 A In Be 797 . 997385 
5 th 5 VVV 17097 1 
3 To the eSide A 8 16. 31 the Dit of the ſecond Head- land — 5 
* Toft the Bad xr and 1 Diftanc of the Hedland : 
* 72 the Triang le D'A C are given, the Side AC 16.31, 1 Side s 


8 1 14.35, nd the Angle D) A C41 Points=253* 26/, the Angle 
1 contained between the N. N. W. Line A D, and the N. N. k. 2 
. E. Line A C, whence Fo find the Ange A D C, or AC D. _ 


The Side A C. - 16.3 - 
The Side AD 437.360 eb & 


een 


Sum of th Side. 30.6 Sum Angles F | 
— — 


| Difirence of Sides + 1.96 half Sym of ditto bp 19 CLE n N il 2 
As the Sum of the Sides A C and A — N 1.4867 


Is to their Difference 30 1 * 90.2922 
80 is T. of 3the net Angles ADCandACD | 6x AT; il 
15 A 5 
1740 43 hs 1111 . 5 422-203" 48 . ; 7 If 30.5904 
1.48657 


To the Tangent of half 1 Difference - _ 75 14 2 5 


Then 65 > added 2 is 70? 31, the greater 4 An le 
ADC en 6507 TI LI parte Fro. 
Now the Angle abc . added to 22? 300, the Angle 
contained Bah we the N. N. Line A D, and the Meridian 
gives 93? 1, which, being more than a Rig bt Angle, ſhews thax 
bears from C, W. 3 + We, and ae © bears 
from D Faſt 155 1 Noriherl Eis 


K. 


For che Diſtance by Azul. it will be, 5 


As the Sink the Angle A c 310 F Tan, 


Is to the Side A A wag—d ko 16.32 — 
do is Sine Angle BA 33 10 HEE 
: 4 , 11. 11725 
| 9.97430 
—ůů— nn 


To the Side DC 13 , the pig. between the Head-land TTY 


S All & 1 en: may be worked by Gunter s Scale, but 
they are more readily. dane by Projection. . s 


After this Manner may the mutual Bearings and Diſtances of 
any Number of Head-lands be found ; as als the Maps of Har- Ws, 
bours, Sea Coaſts, &c. which are of excellent Uſe in reconnoiter=: 4 3 


ing the 88 Towns, 8 without vent 


Te LW TW 


* * 
9 * 1 4 6 4 p — a * a — & hs <a 2 _ p I 22 * - 1 
* 1 9 I — N e 8 r 3 * * als A o aL Ora «ab Fe; . — * * 4 F 3 - * * : 
f 7 * LESS 42 2 p 2 * COATS.” . - 7 es. 4 * * „ ies Bs: ITY OM 0 * e ra 
; S 3 c ' " rr A e o 44 - "OMP 4 9 9 * 5 e * 0 
1 — * is 41 * 7 - 1 , 5 . C , F - « - 1 2 1 s Nr 
A ö 5 1 5 - N 4 4 : ” : Pas "; 
— ; * > * - ; #50, Po OS . 
2 * N ä E . , 
4 _ ILY * a „ oe”: 4 * 0 
- "> * N . * 5 2 
E * * 0 . 
— AY 
1 A . @ " * 
yy 5 - . 1 : 9 


12 OBLIQUE SAILING: 


their Forts. Many more Examples might be produced, which 
are not of much Uſe at Sea, and therefore are omitted. — 
"There is a Method of aſcertaining the Diſtances of Places by 
Sound, which is as follows: Fix a Pendulum of 38.2 Inches upon 
a 'Peg or Nail, and giving it a ſwing, every Time it paſſes the 
Centre will give Seconds; and as it is found by many Experiments, 
that Sound travels 1142 Feet in one Second; thetefore the Diffe- 
rence of Time between ſeeing the Flaſh and hearing the Sound 
. be ng meaſured_by the Pendulum, the Diſtance may be-eaſily found 
by allowing 1142 Feet for every Second, or allowing 94 Half 
Seconds to travel an Engliſh Mile, or five Seconds three tenths to 
travel a Geographical Mile, VV 


E X A M P I. E. 


Being at Sea, I counted 50 Seconds between the Time of ſce- 
ing the Flaſh of a. Gun, and hearing the Report. I demand the 
Diſtance? ; 8 | © . 3 r \ 


If 59 Seconds be divided by 5.3, the Quotient s. Miles, wil! 
be the Diſtance required; or if the fame Number of Seconds, viz: * 
50, be divided by 16, the Quotient 3 one eighth Leagues, will 
give the Leagues of Diſtance, ſo that the Gun, when it was fired, 
was 9.4 Miles, or 3 Leagues and one eighth from the Obſerver. 
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URRENTS are certain Settings of the Stream, by the Means 
of which, all Bodies moving therein, are compelled to alter 
their Courſe, and ſubmit to the Motion impreſſed upon them by it. 
Whence, if a Current ſets with the Courſe of the Ship; it aug- 
ments her Motion by as much as the Drift of Rate of Driving is. 
Thus if a Ship ſails N. N. E. 20 Miles in a Current that ſets 
N. N. E; 8 Miles in the ſame Time, her true Courſe will be N. 
N. E. 28 Miles in that Time; but if a Current ſets againſt the 
75 „ it leſſens her Velocity by juſt ſo much as the Current's 
ift is. e Gag ; # 

So that if a Shig ſails N. E. 49 Miles, in a Current that ſets 
S. W. 1 Miles in the ſame Time, then her true Courſe will be 
N. E. 30 Miles; and if, in the ſame Time that the Ship ſails N. 
E. 49 Miles, in a Current that ſets 8. W. 593. then the Ship will 
fall a-ſtern, and her true Courſe will be S. W. 10 Miles; but if, 
the Ship thwarts the Current, it not only leſſens or augments 
her Velocity, but gives her a new Motion compounded of that 
of the Ship and Current; that is 7 he; 


If a Body be agitated by two Motions A, 
at the ſame Time, the one with a cer- 
tain ons, that will carry,it accord- * 
ing to the Direction of the Line A B, D ce: 
the Length AB in a certain Space of — 
Time; the other according to tbe Direction of the Line AD, 
with a Velocity that will carry it to the Diſtance A D, in the ſame 
Time; then the Body will deſcribe the Diagonal A &, and at 
the End of that Time, will be found in the Point CC. 

The Setting and Drift of the moſt remarkable Tides and, 
Currents are pretty well known; but, if in unknown Currents, 
the uſual Way to find the Setting and Drift, guns: 5 | 

Let three or four Men take a Boat a little Way from the Shi j, 
and by a Rope faſtened to the Boat's Stem, let down a heavy Iron 
Pot, or loaded Kettle, into the Sea to the Depth of 80 or 10 3 
Fathoms, when it can be, whereby the Boat will ride almoſt 38s 
fteady as at, Anchor; then heaye the Log, and the Number of "fo. 
Knots ru out in Half a Minute, will give the Miles which 
the Current runs per Hour, and the Bearing of the Log ſhews "= 
the Setting of the Current. mY == = 
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| their Forts. Many more Examples might be prodyced, which 


are not of much Uſe at Sea, and therefore are omitted. | 
There is a Method of: aſcertaining the Diſtances of Places by 
Found, which is as follows: Fix a Pendulum of 38.2 Inches upon 
à Peg or Nail, and giving it a ſwing, every Time it paſſes the 
- Centre will give Seconds; and as it is found-by many Experiments, 
that Sound travels 1142 Feet in one Second; thetefore the Diffe- 
rence of Time between ſeeing the Flaſh and hearing the Sound 
5 being meaſured by the Pendulum, the Diſtance may be- eaſily found 
by allowing 1142 Feet for every Second, or allowing 9 Half 
Seconds to travel an Engliſh Mile, or five Seconds three tenths to 
travel a Geographical Mile. i W 


Bang Sea, I counted 50 Seconds between the Time of ſee- 


ing the Flaſh of a. Gun, and hearing the Report. I demand the | 
3 Diſtance? / | . 5 8 k 4% \ | 
HEE If 50 Seconds be divided by 5.3, the Quotient 5 Miles, will | 
be the Diſtance required; or if the fame Number of Seconds, viz. & 
50, be divided by 16, the Quotient eighth Leagues, will ˖ 
give the Leagues of Diſtance, ſo that the Gun, when it was fired 

was 9.4 Miles, or 3 Leagues and one eighth from the Obſerver. 
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CURRENT SAILING. 
URRENTS are certain Settings of the Stream, by the Means 
of which, all Bodies moving therein, are compelled to alter 
their Courſe, and ſubmit to the Motiow impreſed upon them by it. 
Whence, if a Current ſets with the Courſe of the Ship; it aug- 
ments her Motion by as much as the Drift or Rate of Driving is. 
Thus; if a Ship fails N. N. E. 20 Miles in a Current that ſets 
N. N. E. 8 Miles in the ſame Time, her true Courſe will be N. 
N. E. 28 Miles in that Time; but if a Current ſets againſt the 
Ship, it leſſens her Velocity by juſt ſo much as the Current's 
ift 18, | 5 . 5 5 5 
So that if à Shig ſails N. E. 49 Miles, in a Current that ers 
S. W. 1 Miles in the ſame Time, then her true Courſe will be 
N. E. 29 Miles; and if, in the ſame Time that the Ship fails N. 
E. 49 Miles, in a Current that ſets S. W. 59; then the Ship will 
fall a- ſtern, and her true Courſe will be S. W. 10 Miles; but if, 
the Ship thwarts the Current, it not only leſſens or augments 
her Velocity, but gives her a new Motion compounded of that 
of the Ship and Current; that is, N 73 r 


If a Body be agitated by two Motions A, RT 
at the ſame Time, the one with a cer= B 
tain 3 that will carry- it accord- 
ing to the Direction of the Line A B, D = 


the Length AB in a certain Space of — 
Time; the other according to tbe Direction of the Line AD, 
with a Velocity that will carry it to the Diſtance A D, in the ſame 
Time; then the Body will deſcribe the Diagonal A &, and c- 
the End of that Time, will be found in the Point CCraoʒ 

The Setting and Drift of the moſt remarkable Tides and 
Currents are pretty well known; but, if in unknown Curtents, 
the uſual Way to find the Setting and Drift, is chus: 

Let three or four Men take a Boat a little Way from the Shiſj, 
and by a Rope faſtened to the Boat's Stem, let down a heavy Iron if 
Pot, or loaded Kettle, into the Sea to the Depth of 80 or 10 
Fathoms, when it can be, whereby the Boat will ride almoſt a8 =. 
fteady as at Anchor; then heaye the Log, and the Number & 
Knots run out in Half a Minute, will give the Miles which .- 
the Current runs per Hour, and the Bearing of the Log ſhews ©: #: 
the Setting of the Current. N 22 ͤ 
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Tia Ship fails N. E. 110 Miles i in a "Curl EN No 8. S. W. 
30 Miles in the lame Time, and her true Courſe and Diſtance be 
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If 4 Ship from the Latttude 35 30 o S. falls N. E. by N. 40, 
then N. E. by E. 55 Miles, in > ti” that ſets 8. g E, 20 
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| Having 83 the Colnpats, © Is 
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while the 9hi runs 49 Miles: 
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his may be done by Calculatioh,, but it being tedious; w 
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Hing argen he e een 
88 as before, — p19 n 
let A repreſent de 
Place of the Ship at 
Sea, and draw the 
N. E. by N. Line i 
A 8 equal to 12 
Ane then will $ \ 


14 
E 
repreſent Scilly. : 

2dly. From 8 


draw 8 L equal to I 8 9 
55 Miles, and g- ys” 
wy to the E. 3 8. Line, then will L be the Place of the Lizard. 
Draw L C parallel to the W. S. W. Line equal to 2 
Mike! and C D equal to 5 Miles; and parallel to it, draw A B 
till it meets L C produced in B, then will A B be the ae oor 
lequired, and 11 Angle S AB the true Courſe. 1 


1 eker, ne |, | 
In the Triangle A SL are given A'S equal to 12 Miles, 8 L. 
equal to 51 Miles, and the Angle ASL. AT equal to 1 
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Points, the Diſtance between the N. E. and W. 21 

whence to find the Angle 8 A L, by Axiom I. it will be, 1 ig my 
As the Sum of the two Sides AS ao SL 63 | 1.79 — - 
Is to their Difference 39 — 3 


To the Diſtance between the Ship and Lizard 57.65 . bes 
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ently the* direct Courfe from the Shi to the Land 48 
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an CURRENT SAILING. 


In the Triangle D L C are given the Angle L=17* 32/, the 
Diſtance between the E. N. E, and the N. 85 27 E. The Side 
L., the Current's Drift in an Hour 2 Miles, and the $ide C P, 

the Ship's Diſtance run in that Time, = 5 Miles, whence to find 
the Angle at D, by Axiom II. it will be, V 

| Asthe Diſtance run in one Hour CD 5 Miles |." 0.69897 
Js to the Drift of the Current 2 Mils — 0.30103 
Pos the Sins of the Angle at L 17 327 9.47894 
27 £ 3 „ Allien, nan 4 84 

8 | y 1115 TOP 


5 * * * 
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” ; 3 7 * - 
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| 5 | | 
To the Sine of the Avgle at D'6* 55 e 9. o8 100 


Hence, becauſe the Angle C DL is=B AL, the Courſe the 
Ship mut ſteer is S, 88˙˙33 E. . „ 
To find the Diſtance A B, by Axiom II. it will be, 
As the Sine Angle at B 15 2948 5 9.61689 
Is to the Diſtance between the Ship and Lizard 57.65 1.76080 
Po is the gige of the Angleath 17 3% * 947894 
; | * 111.2397. 
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7 A B the Diſtance ſhe muſt ſail 43.96 1.62285 
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Many more Queſtions might be added, but theſe, being well 
underſtood, are ſufficient for the Seaman's Purpoſe; and that the 
Student ſhould not meet with any Thing unneceſſary which 

might lead him out of the plain Path, F have avoided thoſe 
Things which tend to puzzle more than improve; therefore 
would adviſe him to be well acquainted with every written Article; 
and that nothing may be wanting to complete the Artiſt, I ſhall. 
-pracced to the Rules neceſſary. for keeping a Journal at Sea, ) 


1 0 J 
o WIND 5. 
7 IE Sun, that amazing Globe of Fire, the Fountain of Light, 
and Heat of the whole ſolar Syſtem, whoſe Rays upon the 


Earth cauſe Vapours or Fumes to be continually riſing from it, 
which muſt partake of the Quality of thoſe Parts from whence 


they are evaporated; a Collection of which form what we call 


our Air or Atmoſphere, ſurrounding the Earth and extending 


ſome Miles above its Surface; and is liable to be put in Motion 


by various Cauſes. Hence Air is a fine elaſtic Fluid, and is 


found capable of being compreſſed, or condenſed by Cold, and : 


expanded or rarefied by Heat. | If | 
Conſequently, an Alteration of Heat or Cold happening in any 


Part of the Atmoſphere, the Air in that Part will be either con- 


denſed or rarefied, and the neighbouring Parts will thereby be put 
into Motion, through the Endeavour which the Air, by its Elaſ- 


ticity or Springineſs, always makes to reſtore itſelf to its former 
State, or come to an Equilibrium. | | | 


% 


Wind is a Stream or Current of Air, which generally blows 


from one Part of the Horizon to its oppoſite Part, - 
"The following Obſervations have been made on it, particularly 
by Dr. Halley, which are not unworthy the Seaman's Notice. 
Between 30 Degrees North Latitude, and 30 South Latitude, 
there is a conſtant Eat Wind throughout the Von! blowing on 
the Atlantic and Pacific Oceans, and this is called the Trade 
Winds, CEL? a oo Eds: TW 
For as the Sun, in moving from Eaſt to Weſt, heats the Air 
more immediately under him, and thereby expands it; the Air to 
the Eaſtward is ng wer ruſhing towards the Weſt to reſtote the 
Equilibrium, or natural State of the Atmoſphere, which occaſions 
a perpetual Weſt Wind in thoſe Limits. "£9 
The Trade Winds near theſe Northern Limits, blow between 
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the North and Eaſt, and near the Southern Limits they blow be- : 


tween the South and Eaſt. 


For as the Air is expanded by the Heat of the Sun near the 


Equator, therefore the Air from the Northward or Southward 
will both tend toward the Equator to reſtore the Equilibrium 


now theſe Motions from the North and South, joined with the 


foregoing Enſterly Motion, will produce the Motions obſerved 


near thoſe Limits between the North and Eaſt, and between the ; 


South and Weſt. | 8 | KITES 
| Theſe Winds, if the whole Surface of the Globe were Bei 


would undoubtedly blow quite 205 it, as they are found to do _ 
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in the Atlantic and Ethiopic Oceans ; but ſeeing ſuch great Con- 

tinents interpoſe and break the Continuity of the Ocean, regard 
. muſt be had to the Nature of Soils, and the Poſition of high 


Mountains, which are the principal Cauſes of the Variety of 


Winds differing from the former general one. 9 85 5 

In ſome Parts of the Indian Ocean there are periodical Winds, 
which are called Monſoons; that is, ſuch as blow half the Vear 
one Way, and the other Half- year the contrary Way, | . *' 
For Air that is cool and denſe will force the warm and rarefied 


Air in a continual Stream upwards, where it muſt ſpread itſelf to 


preſerve the Equilibrium; ſo. that the upper Courſe or Current of 


the Air ſhall be contrary to the under Current; for the upper Air 
muſt move from thoſe 5 
a Kind of Circulation, the N. E. Trade Wind below, will be at- 
tended with a S. W. above; and a S. E. below, with a N. W. 
above. And this is confirmed by the Experience of Seamen, who, 
as ſoon as they get out of the Trade Winds, immediately find a 
Wind blowing from the oppoſite Quarter. | 
In the Atlantic Ocean, near the Coaſts of Africa, at about 100 
Leagues from Shore, between the Latitudes of 28* and 10? North, 


Seamen conſtantly meet with a freſh. Gale of Wind blowing from 


the N. KE. i 


IT hoſe bound to the Caribbee Iſlands, acroſs the Atlantic, find, as 


they approach the American Side, that the ſaid N. E. Wind be- 
comes Eaſterly, or ſeldom blows more than a Point from the Eaft 
either to the Northward or Southward. . . 
Theſe Trade Winds on the American Side are extended to 30%, 
31, or even to 325 of North Latitude; which is about 4? farther 


than what they extend to on the African Side; alſo to the South- 


ward of the Equator, the Trade Winds extend 3 or 4 Degrees 


farther. towards the Coaſt of Brazil on the American Side, than 


they do near the Cape of Good Hope on the African Side. 

| e. the Latitudes of 4 Degrees North, and 4 South, the 
Wind always blows between the South and Eaſt: On the African 
Side the Winds are neareſt the South, and on the American Side 


* 


, neareſt the Eaſt, In theſe Seas Dr. Halley obſerved, that when 


the Wind was Eaſtward, the Weather was gloomy, dark, and 
rainy, with hard Gales of Wind: but when the Wind veered to 
the Southward, the Weather generally became ſerene, with gentle 
Breezes next to a Calm. . 5 

Theſe Winds are ſomewhat changed by the Seaſons of the 


Year ; for when the Sun is far Northward, the Brazil S. E. Wind 
gets to the South, and the N. E. Wind to the Eaſt; and when the 


Sun is far South, the S. E. Wind gets to the Eaſt, and the N E. 
Wind on this Side of the Equator: veers more to the North. 
1 a . Along 


arts where the greateſt Heat is, and ſo by 
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Along the Coaſt of Guinea, from Sierra Leona to the Iſland of 
St. Thomas under the Equator, which is above 500 Leagues, the 
Southerly and South-weſt Winds blow perpetually ; for the S. E. 
Trade Wind having paſſed the Equator, and approaching 'the 


Guinea Coaſt within 80 or 100 Leagues, _—— towards the 


Shore, and becomes S. S. E. then South, and by Degrees as it 
comes near the Land, it veers about to S. S. W. and in with the 
Land it is S. W. and ſometimes W. S. W. This Tract is troubled 


with frequent Calms, and violent ſudden Guſts of Wind, called 


Tornadoes, blowing from all Points of the Horizon. 
The Reaſon of the Wind ſetting in Weſt on the Coaſt of Gui- 
nea, is, in all Probability, owing to the Nature of the Coaſt, which 


being greatly heated by the Sun, rarefies the Air exceedingly, and 


conſequently, the cool Air from off the Sea will keep ruſhing in 
to reſtore the Equilibrium. | | 


Between the 4th and 1oth Degrees of North Latitude, and be⸗ 
tween the Longitudes of Cape Verd, and the Eaſtermoſt of the 


Cape Verd Iſlands, there is a Tract of Sea which ſeems to be con- 
demned to perpetual Calms, attended with terrible Thunder and 
Lightnings, and ſuch frequent Rains, that this Part of the Sea is 
called The Rains. Ships in ſailing theſe 6 Degrees have been 
ſometimes detained whole Months, as it is reported. 

The Cauſe of this ſeems to be, that the Weſterly Winds ſetting 
in on this Coaſt, and meeting the general Eaſterly Wind in this 
Track, balance each other, and ſo cauſe the Calms, and the Va- 
pours carried thither by each Wind meeting and condenſing, oc» 
caſion the almoſt conſtant Rains. 155 | 

The laſt three Obſervations ſhew the Reaſon of the two follow- 
ing, which Mariners experience in failing from Eurape to India, 
and in the Guinea Trade. The Difficulty which Ships in going 


to the Southward, eſpecially in the Months of July and Auguſt, 


find in paſſing between the Coaſt of Guinea and the Brazil, not- 


withſtanding the Width of this Sea is more than . : 


This happens becauſe the S, E. Winds, at that Time of the cars 
commonly extend ſome Degrees beyond the ordinary Limits of 4 
N. Latitude; and beſides, coming ſo much Southerly, as to be 
ſometimes South, ſometimes a Point or two to the Weſt; it then 
only remains to ply to Windward. And if on the one Side they 
ſteer W. S. W. they get a Wind more and more Eaſterly; but 
then there is Danger of falling in with the Brazilian Coaſt, or 
Shoals; and if they ſteer E. S. E. they fall into the Neighbour- 
hood of the Coaſt of Guinea, from whence they cannot depart 
without running Eaſterly as far as the Iſland of St. Thomas, and 
this is the canſtant Practice of 1 the Guinea Ships. : Al 
LP | 
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All Ships departing from Guinea for Europe, their direct Courſe | 


is Northward; but on this Courſe they cannot go, becauſe the 
Coaſt bending nearly Eaſt and Weſt, the Land is to the Northward 
therefore as the Winds on this Coaſt are generally between the S. 
and W. 8. W. they are obliged to ſteer S. S. E. or South, and with 
theſe Courſes they run off the Shore; but in ſo doing they always 


find the Wind more and more contrary, ſo. that when near the 


Shore they can lie South; at a great Diſtance they can make 
no better than S. E. and afterwards E. S. E. with which Courſes 
they generally fetch the Iſland of St. Thomas and Cape Lopez, 
where finding the Winds to the Eaſtward of the South, they ail 
Weſterly with it, till coming to the Latitude of 4 Degrees, South, 
where they find the 8. E. Wind blowing perpetually. in, 

On Account of theſe general Winds all thoſe that uſe the Weſt 
India Trade, even thoſe bound to Virginia, reckon it their beſt 


. Courſe to get as ſoon as they can to the Southward, that ſo they 


may-be certain of a fair and a freſh Gale to run before it to the 
Weſtward ; and for the ſame Reaſon thoſe homeward bound from 


America endeavour to gain the Lat. of 30% where they firſt find 


the Wind begin to be variable; though the moſt ordinary Winds 
in the North Atlantic Ocean come between the South and Weſt. 


Between the Southern Lats. of 10 and 3o* in the Indian Ocean, 


the general Trade Wind about S. E. by S. is found to blow all the 
Vear round in the ſame Manner as in the like Lats. in the Ethiopic 
Ocean, and during the ſix Months, from May to December, theſe 
Winds reach to within 25 of the Equator; but during the other ſix 
' Months, from Novem. to June, a N. W. Wind blows in the Tract 


lying between the 2d and 1oth Degrees of Southern Lat. in the Me- 


ridian of the North End of Madagaſcar; and between the 2d and 

12th Degrees of South Lat. near the Long. of Sumatra and Java. 
In the Tract between Sumatra and the African Coaſt, and from 
3 of S. Lat. quite Northward to the Aſiatic Coaſts, including the 
Arabian Sea and the Gulf of Bengal, the Monſoons blow from Sept. 
to April on the N. E. and from March to Oct. on the S. W. In 
the former Half-year the Wind is more ſteady and gentle, and the 
Weather clearer than in the latter ſix Months, and the W ind is more 

ſtrong and _ in the Arabian Sea than in the Gulf of Bengal. 
Between the Iſland of Madagaſcar and the Coaſt of Africa, and 
thence Northward as far as the Equator, there is a Tract wherein, 
from April to October, there is a conſtant freſh 8. S. W. Wind 
which to the Northward changes into the W. 8. W. Wind 

blowing at that Time in the Arabian Sea. | | 

To the Eaſtward of Sumatra and Malacca, on the North of the 
Equator, and along the Coaſis of Cambodia and China, quite thro' 
the Philippines as far as Japan, the Menſoons blew Northerly and 
. : = Southerly; 
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Southerly; the Northern ſetting in about October or November, 
and Southern about May. Theſe Winds are not quite ſo certain 
as thoſe in the Arabian Sea. % „ 
Between Sumatra and Java to the Weſt, and New Guinea to the 
Eaſt, the ſame Northerly and Southerly Winds are obſerved; but 
the firſt Half- year the Monſoons incline to the N. W. and the lat- 
ter to the 8. E. Theſe Winds begin a Month or fix Weeks after 
thoſe in the Chineſe Seas ſet in, and are quite as variable. 
© Theſe contrary Winds do not ſhift from one Point to its oppolite _ 
all at once ; in Tome Places the Time of the Change is attended 
with Calms, in others by variable Winds; and it often happens 
on the Shores of Coromandel and China, towards the End of the * | 
Monſoon, that there are moſt violent Storms, greatly reſembling _ 
the Hurricanes in the Weſt Indies, wherein the Wind is ſo vaſtly 
ſtrong, that hardly any Thing can reſiſt its Force. | 
All Navigation in the Indian Ocean muſt neceſſarily be regulated 
by theſe Winds; for if Mariners ſhould delay their Voyages till 
the contrary Monſoon begins, they muſt either ſail back, or go 
into Harbour, and wait for the returning of the Trade Wind. _ 
Vapours riſing from the Sea, and by the Wind carried over low 
Lands to the Ridges of Mountains, and compelled to mount up with 
the Stream of the Air to the Tops, where the Water preſently preci- 
pitates, gleeting down by the Chinks and Cliffs of the Stones, and  _ 
Part of the Water entering into the Caverns of Hills, and gathering 
into Baſons, which being once filled begin to run over, and form ſub»  :. 
terraneous Paſſages thro* the Earth, breaking out in Springs by the 
Sides of Hills: ſeveral of theſe meeting together form Rivulets ;, ſe . 
veral of theſe Rivulets meeting together make a River. This, toge= ' ! 
ther with what is — into Vegetables, renders it impaſſi 
for all the Water evaporated from the Sea to return to it again. 
Hence the Evaporations ariſing from the Mediterranean are ſuch, 
that notwithſtanding there are ꝙ capital Rivers which empty thems 
ſelves into it, beſides ſmaller ones, there is a conſtant Current run- 
ning through the Straits of Gibraltar from the Atlantic Ocean, to 
make up the Deficiency. R. Mead, M. D. and F. R. S. obſerves, r.. 
That ſome Diſeaſes are properly the Effects of the Influence of the 
heavenly Bodies. 2. That the moſt windy Seaſons of the Year, are 
about the vernal and autumnal Equinoxes. 3. All the Changes we 
have enumerated in the Atmoſphere do fall out at the ſame Times 
when thoſe happen in the Ocean; and, as both the Waters of the 8 
Sea and the Air of our Earth or Fluids, are ſubject in a great Meaſure 
to the ſame Laws of Motion, ſo that natural Effects of the ſame Kind 
are owing to the ſame Cauſes. 4. The Alteration made by the Sun 
and Moon in the Atmoſphere muſt thereby have Influence on the 
Animal Body. 5. The Elaſticity of the Air is of great Moment, and 


. it 
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it is-reciprocally as the Preſſure, ſo that the incumbent Weight being 
diminiſhed by the Attraction, the Air underneath will be much ex- 
panded : theſe, and ſuch like Cauſes, will make the Tides in the Air 
to be much greater than thoſe of the Ocean; and there is no doubt to 


be made, but that the ſame infinite wiſe Being, who contrived the _ 


Flux and Reflux of the Seas, to ſecure that vaſt Collection of Waters 
from Stagnation and Corruption, has or ered this Ebb and Flood of 
the Air of our Atmoſphere with the like good Deſign ; that is, to 

reſerve it ſweet, and a briſk Temper of this Fluid ſo neceſlary to 
Fife" by a continual Circulation. 6. Two contrary Winds blowing 
tawards the ſame Place, may accumulate the Air there, ſo as to in- 
creaſe the Height and the Weight of the incumbent Cylinder; in 
like Manner the Direction of two Winds may be ſuch, as meeting at 
certain Angles, may keep the Gravity of the Air in a middle State; 
but if the Winds blow different Ways from the ſame Place (which 


oY: may be occaſioned by Thunder and Lightning) the Height and . 


eight of the Air may be much decreaſed. 7. The Changes in our 

Atmoſphere at High Water, New: and Full Moon, the Equinoxes, 
&c. muſt occaſion Alterations in all Animal Bodies, for all living 
Creatures require Air of a determined Gravity to perform Reſpira- 
tion eaſily, for it is by its Weight that this Fluid inſinuates itſelf 
into the 18 of the Breaſt and Lungs: by a ſlow Circulation the 
Secretion of the Spirits is diminiſhed; and, by the Wantof the Force 
of Elaſticity and Gravity, the Juices begin to ferment, change the 
Union of the Parts, break their Canals, and Diſeaſes follow. 
Beſides the above Cauſes, the Atmoſphere may be put in Motion 
by the elaſtic Vapours forced from the Bowels of the Earth by ſub- 

terraneous Heats, and condenſed by whatever Cauſes in the Atmoſ- 
7 A Mixture of Effluvia of different Qualities in the Air, may 
y Rarefaction, Fermentation, &c. produce Winds and other Effects 
like thoſe reſulting from the Combination of ſome chymical Li- 
quors; and that ſuch Things happen, we are aſſured from the Na- 
ture of Thunder, Lightning, and Meteors, From the Eruptions of 
Vulcanoes and Earthquakes in diſtant Places, Winds may be pro- 

ated to remoter Countries, The divided or united Forces of the 

3 Planets, and of the Comets, may variouſly diſturb the Influ- 
ence of the Sun and Moon, &c. We know that there happen violent 
Tempeſts in the upper Regions of the Air when we below enjoy a 
Calm, and how many Ridges of Mountains there are on our Globe 
which interrupt and check the Propagation of the Winds, ſo that 
it is no Wonder that the Phænomena we have aſcribed to the Action 
of the Sun and Moon are not always conſtant and uniform, and 
that every Effect does not hereupon follow; which, were there no 
other Powers in Nature able to alter the Influence of, this might 
in a very regular and uniform Manner be expected from it. 
Note. The Swiftneſs of Wind in a great Storm is not more than 50 
or 60 Miles an Hour, and a common briſk Gale is about 15 Miles an Hour. 
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"HE Tides, or the Flux and Reflux of the Sea, is that regular 
Motion of the Waters by which they riſe and fall at certain 
equal Intervals of Time. ED | Pd, 
The Doctrine of Tides remained in Obſcurity, till the immortal 
Sir Iſaac Newton explained it by his great Principle of Gravity 


and Attraction. For having demonſtrated that there is a Principle 


in all Bodies within the Solar Syſtem, by which they mutually 
attract each other in Proportion to the Squares of their Diſtances, 


it follows, that thoſe Parts of the Sea which are immediately un- i 


der the Moon muſt be drawn towards it, and conſequently when- 
ever the Moon is nearly vertical, the Sea will be raiſed, which oc- 
caſions the flowing of the Jide there. 8 
By the Earth's diurnal Rotation from Weſt to Eaſt in 24 Hours, 
the Sun apparently revolves from Eaſt to Weſt in the ſame. Time; 
ſo by the ſame Rotation, the Moon apparently revolves from Eaſt 
to Weſt in the Space of 24 Hours 49 Minutes, commonly 
called a Lunar Day, ſo as in that Time to return to the Meridian 
ſhe ſet out at; and as the Sun apparently moves round the 
Earth in a Year, ſo the Moon really moves round it in 
about 29x Days; conſequently, if the Sun and the Moon are both 
upon the Meridian at any Time, it will be 29 Days and an Half 
before they are upon the ſame Meridian again, or in Conjunction, 
and about Half that T ime, viz. 14 Days 18 Hours before they 
are upon oppoſite Meridians, or in Oppoſition. Now, as the Sun 
attracts the Earth, though much leſs than the Moon, being at ſo 


vaſt a Diſtance from it, yet when they are both upon the Meri- 


dian, either in Oppoſition or Conjunction, that is, at Full and 
Change, their joint Attraction conſpire to raiſe the Tides higher 
than when they act croſs-ways. Hence the Tides are higher than 
ordinary twice every: Month, and are called Spring Tides ; but 
this does not happen til] two or three Days after, when the At- 
tractions of the Sun and Moon have been united ſome Time. 
But when the Sun and the Moon act croſs-ways, or are go? aſuns' 
der, the Tides are leſſened in Proportion to the Difference of their 
Powers of Attraction, and produce what we call Neap Tides, which 
happen ſoon after the firſt and laſt Quarter of the Moon, when the 
Sun has leſſened the Attraction of the Moon for ſome Time. | 
The Moon being the principal Cauſe of raiſing the Tides, they 
are always found to follow her, and conſequently muſt always be 
ſhifting from Welt to Eaſt as the Moon does, ſo that if it is High 
Wateratany Place when the Moon is upon the Meridian of that Place 
at Full or Change, it will be about 49 Minutes later on the fol- 


lowing | 


| Bays and Rivers, accumulate the 
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lowing Day, 1 Hour 38 Minutes later on the ſecond Day, falling 
ba inutes every 24 Hours, until the Moon comes to the 
o 2 Meridian; and then it will be High Water again. Theſe 
ides regularly riſe and fall twice in the 24 Hours, wherefore by 
knowing the Time of the Moon's ſouthing at any Place, and the 
Time of High Water at Full or Change at that Place, we can find 
the Time of High Water on any other Day at the ſame Place, by 
allowing 49 Minutes later for every Day ſince the Full or Change, 
or 2 Minutes later for every Tide, ; 
Theſe Tides would be regular from Weſt to Eaſt. were the whole 
Earth covered with deep Water, but ſeeing their Courſe is ob- 
ſtructed by Land lying in their Way, ſurrounding Iſlands, running- © 
up winding Rivers, and otherwiſe affected by Shoals, ſtriking againſt 
Cine and Head-lands, they are often forced to take lon id | 
and various Directions to come to the Levels: that the Setting of 
2 Tides and Times of High Water are different at different 
Places. e : 3 
The Tides riſing higher in Bays and Rivers than in the open 
Sea, is occaſioned by its ſtriking againſt the contracting Banks of 
Water, and cauſe it to riſe higher 


than in the open Seas. 


The Tides are higher than ordinary twice every Year, viz. 
about the Vernal and Autumnal Equinoxès, and the Neap Tides 
lefs, which are occaſiofied by the Sun's being nearer to the Earth 

at theſe Times than at any other Time of the Year, and conſe- 
quently the Power of Attraction is ſtronger ; for by drawing up 
the Water when the Sun and Moon are upon the Meridian, to a 

reater Height than ordinary, the Water go? diſtant from the 
5 Meridian, muſt ſubſide in the ſame Proportion. : 
The Method generally preſcribed for finding the Time of High 


Water at any Place, is contained in the, following Particulars: . 


. 4 a To find the Leap Year, 
© Divide the given Year by 4, if nothing remains it is Leap Year, 
but if 1, 2, or 3 remains, they ſhew that it is ſo many Years after 
Biſſextilè, or Leap Year, as the Remainder is: thus, the Year 1779 


_ - divided by 4 ives 444, and the Remainder 3 ſhews that it is the 


third after Leap Year, 


To find the Golden Number for any Year, 


* Roz. Add one to the given Year, and divide the Sum by 19, 


the 


* 

8 
1 
5 


emainder will be the Golden Number. 
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By adding one to the preſent Fear, gives 1780, this. Jin vided! b L N 


gives 93 for the bene OY _"_ ents bi _ 
= 9 1779. OS: | 


n find the hes for any Year. ie 
RurE. Divide the given Year. by 19, the Remainger multi 
by 11, and the Product will be the Epact, if it does not exe 


20; but if it does ſubtract o from it as often as qu 0 
the Remainder will be the Lb, for i it never plats: *, e 


E X AM P, L E. . K 
2 it the Egal of the Year 1779? - 21 644 


1779 divided by 19 gives 93, and the Remainder 12 multiplied | 
by 11 gives 132 3 this divided by 30 gives + and the Remainder 
is 12, which | is the Epat for 1779. | Oo 


a 
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7 0 find the Mae's ee. LRU, 74 | 
To the Epact add the Day of the Month. And 1 Bbg, r 
Number for the Month, the Hs if it does not exceed 30, is her 


Age; but if it does, ſubtract 39 from I as ia as: yOu Calls, ap 
the Remainder is her A one 


The Epact, or Number for each Month are as Se: : 
; Feb, Mar. Apr, May, June, Jura * nh oa, Noy, Dec. | 
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Ban the Who's Age the 1 7th of 45, PE t 7 

1 the act 12 add 92 1 85 umber for the, foe, an my 
ay or tne on 17 the um is 31 rom whi 30, 

the Remainder 1 18 the Moon Age tor the given Day. 1 


To find tht Moon's Southing on any Day of her Age. 4 2 


Since the Sun returns to the Meridian he has left in the Space 
of 24:Hours, and the Moon in about 24 Hours 49 Minutes, there- 
b: Pagan leaves the Meridian - es a Tn bat s 
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Sun does on any Day, the next Day ſhe will come to the Meri- 
dian 49 Minutes after him, falling back about 49 Minutes every 
Day, whence to find the Time of the Moon's South, or coming to 
the Meridian on any Day, we have this eaſy Rule: PIE 
Rur. Multiply the Day of her Age by 49, and divide the 
Product by 60, the Quotient is the Hours, and the Remainder the + 
Minutes Afternoon when ſhe ſouths, Or, which is rather eaſier, 
and in many Reſpects ſufficiently exact for the Mariner's Purpoſe. 
_ Multiply the Moon's Age by 4, and divide the Product by 5, 
the Quotient is the Hours, and the Remainder multiplied by 12 
gives the Minutes after Noon when ſhe is upon the Meridian. 

N. B. From the full Moon to the Change ſhe comes to the 

Meridian, or ſouths in the Afternoon; but fem the Change to 


the Full, in the Morning. 


Required the Meon's Seuthing; September 1, 17 79 ? 


I ono —— 


The Epact is _, -12 Moon's Age 20 or thus 20 
Number for the Month is 7 Multiplied by 60+, © & 
Day of the Month || — — — 

| , Sies 5) 80 


Moon's Age | 20 . 4 + 1 | 

% Mueoon's Southing 16 20 Moon's South. 16 
Hence it appears, that the Moon comes to the South at 20M. 
after four next Morning, and ſubtracting 12H. 24M. from it, 


* > 


Leaves 3H. 56M. the Time of Southing in the Afternoon. = 


7 find the Time of High Water on any Time of the Moon's Age at 
„ de any Place. 1 1 ? 


From the Obſervations of many Perſons there have been col- 
lected the Times when it is High Water on the Days of the New 
and Full Moon on moſt of the Sea Coaſts of Europe, and at ſeveral 
bother Places, and theſe Times are commonly put in a Table againſt 
- the Names of the Places in an atphabetical Order, for which Rea- 
- Fon it is called the Tide Table; but in this Treatiſe the Times of 
Mop Water, at Full and-Change are ſet down before the Latitude 
and Longitode of each Place in the Table of Latitudes and Longi- 
RUuLE.-To the Time of the Moon's ſouthing on the given 
Day, add the Time of High Water at Full and Change at the 
iven Place, taken from the Table; the Sum is the Four, paſt 
Noon, on the given Day when it is High Water at the given Place. 
And if this Hour exceeds 12, ſubtract 12 Hours 24 Minutes from 
it, and the Remainder ſhews the Time of High Water after Mid- 
night; but if it exceeds 24, ſubtra& 24 from it, and the * 
wh : ews 


* 


"Or 1D: B7 6. - 
ſhews the Time of High Water the next Day, which being re- 


duced back to the given Day, by allowing 12 Hours 24 Minutes 
for a Tide, gives the Time of High Water the given Day. 


VVV 


At what Time will it be High Water at London, Sept. 1, 1779? 

To the Time of the Moon's ſouthing that Day, 16 Hours 20 
Minutes, add 3 Hours, the Time anſwering to London in the 
Table, and you have 19 Hours 20 Minutes, the Time of High 
Water at London after Noon; and ſubtracting 12 H. 24 M. from 
it, leaves 6H. 56M. the Time of High Water in the Afternoon 
on the given Day. Again, take 24 M. the Difference of a Tide, 
from it, and the Remainder 6H. 32M. is the Time of High Wa- 
ter in the Morning. Eo | = 

What Time will it be High Water at Lon= Required the Time 


don, May the 28th, 17847 of High Water at Do- 
„% 7 > ver, October 12, 1790 
W 19 790094 
— | | I71 
74 # 
5 _ 
— — 
17 
11 
30) 187 (6 
180 + 1 | 
V I 
The Epa& 7 1 2 
Num. of Month 3 being Leap Vea. 4 
Day of Month 28 =, | 5 
30)38(1 or. thus 49 — | 
0 8 | «+ 
OO ST Wn 
Moon's Age 8 6.0)392(6 32 ſonthing.? 8 | ; 
7 Th 2007 :+-*; 4 Moon's Age, 
5) 32(6h. 24m. 32 | —— 
30 6.0) 19.6 
| > „„ 4 $6. ; 
2224 5 10 30 at Dover 3 
3 — I 
Moon's Sonthing — 6 32 : - AS... - 1 
Time at London 3 00 | 12 241 * Tide. 1 
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Note. The Epact advances 11 every Vear to 30, becauſe the 
| Solar Fear is 11 Days longer than the Lunar ear; and as the 


Epact increaſes, it ſhews the Moon's Age at the Beginning of the 
Year. It is here ſuppoſed, that at the End of 19 Years, the 
Sun and Moon make all the Variety of Situations they poſſibly 
can with one another, and thence begin and go over the. ſame 


again. The Golden Number at the Birth of Chriſt was 1, which 
is the Reaſon that 1 is added to the Given Year to f 


nd the 
Golden Number, | | | 

The Epact is the Moon's Age at the Beginning of the Year, 
or rather March 1ſt, and the Numbers of the Months are for 


regulating the Lunations to an Equality of about 30 Pays, the 
Day of the Month being added to it gives the Moon's Age. 


his is the Method of finding the Time of High Water inſerted. 


in common Books'of Navigation, which, at Times, will give the 
Moon's Age whole Days, and the Time of her ſouthing, and of 
High Water, Hours wide of the Truth; and even if the Moon's 


ſouthing be exactly found, yet the Tides may differ leſs or more 


from the computed Time; for the Floods do not always happen 


at the ſame Diſtance of Time from each other, but at different 
Diſtances, according to the Times of the Moon's Age, and her 
Aſpect with Reſpect to the Sun, or as the Waters are acted upon 


by the Sum or Difference of the attractive Forces of the Sun and 
Moon, and alſo on Account of Winds and Storms, even when out 
of Hearing, which greatly affect the Tides; the real Times of 
Higb Water at any Place will often differ from the computed 


Times; therefore Pilots, and all concerned, would do well to ufe 


ie Days that are completely elapſed ſince her laſt Change. 


ber the 12th, 1778? | 


F 


the following Method, which will in general give the Time of 
High Water within Half an Hour of the Truth, when the Tides ' 
are not greatly influenced by the Winds, © TT 


The U of the following Wide for finding the Moon's Age, and Time if 


High Water at any Place. 


Find the Moon's Age in the following Table, ſhewing the mean 
Times of her Changes, by reckoning the Number of Days ſince 
her Jaſt Change; and only obſerving, that the Day on which you 
find her Age is to be excluded ; that is, you are only to count 


4 


| EXAMPLE + 
Required the Time it will be High Water at London, Novem- 


— 


9 7 


Or WI. NDS. 1 


In the Table of Changes, oppoſite to 1778, and under Occober, 
1 find that it was New Moon the 20th, at 10 in the Morning, 
and by reckoning forward to November: the 12th, find, that it is 


23 Pays ſince her laſt Change, then, in the 'Table gf Times againſt 


23, ber Age, ſtand 3H, 22M. to which I add 3 Hours (the Fime 
| 95 High Water on Fall and: Change Days at PETS gives 8H. 
22M. ſo that it is High Water 22 Minutes after Eight in the 
Morning at London, on the given Day. 


2 \ 


A FETs tk 


"27 808 -- 5 5 6 
8 7Oppoſite to 1778, and under May, in the Table of Changes, I 


find it was New Moon the 26th Day, at 6 in the Morning; and, 
reckoning forward to June the iſt, ſind that ſhe is almoſt 7 Days 
old. In the Table of Times, againſt her Age, 7 Days, ſtand 4 


Hours 24 Minutes, this added to 3 Hours, is 7 Hou:s 24 Mi- 


nutes, the Time of High Water at London, in the Evening, on | 


June the Iſt, 1778. | 
* A MP U E In. 
1784 ? 


and reckoning forward to the 28th, find there are 8 Days elapſed 


fince laſt Change, then againſt 8, under Moon's Age, ftands 5H. 


12M. the Time of High Water in the Afternoon, and 3 Hours 


What Time will it be High Water at London, - June the 1K, | 


What Time will i be High Water at London, May the 28th, 
Againſt 1784, and under May, I find it is New Moon the 19th, | 


being added to it, gives 8H. 12M. the Time of High Water in 


the Afternoon, at London, on the given Day. | 


E * * M F 


Required the Time of High Water at Dover, Oct. 12, 170 


Againſt 1790, and under October, I find it is New, Moon the 


8th, at 10 in the Morning, and counting forward to the 12th, - 


find that the Moon is nearly 4 Days old; then againſt 4, ber Age, 
ſtands 2H. 28M. to which add 10H. zo M. the Time making 
High Water at Full and Change at Dover, gives 12H. 58M. the 
Time of High Water after Noon, from which take 12H. 24M. 
ar Half a Tide, the Remainder 34M. is the Time of High Water 
at Dover, in the Afternoon on the given Day. 5 88 


A Table, 
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 Shewing the Times of all the mean Changes of the Moon to the 
neareſt Hour, from the Beginning of the Year 1778, till the 
End of the Year 1799, according to the New Style. And alſo 
a Table of the Shifting of the Tide, by which will appear the 
Error in reckoning High Water to be 4 of an Hour later every 
Day after Full and Change. e 
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To find the Time of High Water. Firſt, find the Moon's Age in 
the firſt Table, by counting the Days ſince her laſt Change, and 


- againſt her Age, in the ſecond Table, ſtand Hours and 


inutes, 


to which add the Time making High Water at Full and Change at 
that Place, which gives the Time of High Water any Day there. 
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Sbewin FS Times of all the mean G of the * to the : 

neareſt Hour, from the Beginning of the Year 1778, till the 

End of the Vear 1799 „ accordin * the New Style. And alſo 
ti 


a Table of the Sh ng of the ide, by which will appear the 
Error in reckoning High Water to be 1 9 an Howe . my 4 
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Note, a ſtands for Afternoon, and m for Morning. „%%% 


In ſome Places it is High Water on the Shore while the Tide con- 
tinues to low in the Stream or Offing. If it runs 3 Hours : 
longer, it is called the Tide and Half ide; an Hour and an 
Half makes Tide and Quarter Tide; Three Quarters of an 
Hour makes Tide and Half * Tide, &c. 
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At what Time will it be High Water at St. Helen's, March 
r 
Againſt 1779, and under February, I find it is new Moon the 
26th, at 1 in the Morning, and reckoning on to March 7th, 
gives 19 Days for the Moon's 1 ; oppoſite to that, in the Ta. 
die of Limes, ſtand 2 Hours 40 Minutes; this being added to 10 
Hours 30 Minutes, the Time of High Water at Full and Change 
at St. Helcn's, gives 13 Hours 10 Minutes, for the Time paſt 
Midnight, when it is High Water there; from which, ſubtracting 
12 Hours 24 Minutes, the Time anſwering to a Tide, the Re- 

mainder 46 Minutes, is the Time paſt Noon when it is High 

Water at St. Helen's, March the 7th, 1 Ree i BET | 
In like Manner, may the. Time of High Water be found at 
any other Place. Whoever will compare theſe Examples with 
the Methods uſed in other Books of this Kind, will find a conſi- 
 derable Difference, as they frequently give the Moon's Age ſeve- 
ral Days, and of High Water, Hours Wide of the Truth; in- 
deed, on Account of the Irregularities in the Moon's Motion, the 
Times of her Change may differ Half a Day from the Truth, 
and the Time of High Water 30 Minutes, but feldom more, if 
. the Sea is not greatly influenced by the Wind. 3 = 
The Tides do not always anſwer to the ſame Diftance of the 
Moon from the Meridian, at the ſame Places, but are variouſly | 
affected by the Action of the Sun, which brings them on ſooner 
when the Moon is in her firſt and third Quarters; and keeps them 
back later when ihe is in her ſecond and fourth Quarters : becauſe, 
in the former Caſe, the Tides. raiſed by the Sun alone would be 
earlier than the Tide raiſed by the Moon; and in the latter Caſe 
later,* as may be ſeen in the Table of the Shifting of the Tides. 

As the Nautical Almanack is became now of general Uſe in long 
Voyages, the Time of High Water at any Part of the World, 
may be readily found, if the Time making High Water at Full 
and Change be known; for in the ſixth Page of each Month is 
given the Time of the Moon's Paſſage over the Meridian of 
Greenwich every Day : This Time may be reduced to the Meri- 
dian of any other Place, by allowing 1 Hour for every 15 Degrees 
of Longitude. To this Time add the Time making High Water 
there, on Full and Change Days, gives the Time of High Water 
nearly on that Day, if the Sum be leſs than 12 Hours; but if above, 
ſubtract 12 Hours 24 Minutes, or 24 Hours 49 Minutes from it: 
. Obſerving, that the Days in this Almanack begin 12 Hours later 
than the common Day. | | bY 


_- 
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it is cuſtoma to reckon. the Time of Flood, or High 
(Among Pile of the Comal the Moon bears on at that Time, al. 
lowing three Quarters of an Hour for each Point. Thus, in Places where 
it is Flood at Noon on the Days of Full and Change, the Tide is ſaid to 
flow North and South, or at 12 o'clock. In Places where the Moon bears 
I, 2, 3, 4, or more Points to the Eaſt or Weſt of the Meridian, when it is 
High Water on the ſame Days, the Tide is faid to flow on ſuch a Point, 
ſo if the Moon bears S. E. at Flood, it is ſaid to flow S. E. and N. W. or 
3 Hours before the Meridian, that is, 9 o' Clock; if ſhe bears 8. W. it 
flows S. W. and N. E. or at 3 Hours after the Meridian; and in like 
Manner for other Points of tne Moon's Bearing, as in the following Table: 


— 


A TABLE of the Bearings of the Moon at the Time F High Vater, "ith the 


Time of "_ Bearings at the following Places: 
When the Moon bears] H 


as follows: | 
Ile of Alderney, Gibraltar, Southampton, - 
1 8 | Beachy, Sheerne(s, a Sand called Kentiſh 
N. an wh 1 Knock, a Sand called the Swin, at the 
| | Mouth of the Thames. : 
| o Minutes paſt 12, Rocheſter, Fluſhing, 
N. by E. S. by W. 05 7151 Coe Not. 8 
Jor 30 Minutes paſt 9, Bell. Iſle, Tinmouth, 
N. N. E. S. S. W. : 14 3 Crooretint, Holyhead. 
| 1 1 For 15 Minutes paſt 2, Berwick, Liſbon, St. 
N. E. by NS. w. by. + Fee Ae 
| p Whitby, London, * Amſterdam ourdeaux : 
N. E. 8. W. 3 4 Bay of Bifcay. 1 : 2 
N. E byk. S. W. bw. + eee Iſle of Bas at the Maes, 
E. N. E. W. S. W. 42 In Bree ſound, Uſhant, Scilly, Cork, C. Clear. 
E. by N. w. by 8. 92 0 3 Mouth, at the Spurn, Torbay, ny 
E. w. 6 Abend Wells, Weymouth, Plymouth, Bos 
E. by S. W. by N. 63 Briſtol, Portland Road, Lynn, Foulneſs, Foy. 
E. S. E. W. N. w. 7 3 End, Falmouth, Penryn, C. 
S. E. by E. N. W. bW 83 118 Yarmouth, Needles, Fly, Dublin, 
1 ; N. w. 9 — ws won Iſle of Wight, E. End, Caſkets, 
S. E. by S. N. W. b. 9; N. Foreland, Dungeneſs, Dunnoſe, Shoreham. 
S. S. E. N. N. W. ro, The Downs, Deal, Dover, S. Foreland, St, Helen's 
Margate, Harwich, Roſe, Pool, Portimouth, 
hy bv E. IN. by W. ſr ib 0 Sdicbead, Calais. 
8 N 4 Dunkirk, Embden, R. Elbe, Coaſt of Flan- 
: . } dere, Gllend. 


Note, the Current in the Downs generally runs 75 Hours to the North; 
and 54 HGurs to the Southward; at Dover the Tide from tne Channel runs 


Northward 74 Hours; and from che North gh. 10m. at the Full and Chan 
of the Moon, The Tides Ew in the Downs N. N. E. and S. S. W. nearly. 
T 


10 
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; To rectify or adjuſt Hadley's Quadrant. 


1. For the Fore Obſervation. 


Dix the Index cloſe to the n that the Middle of the 


. Vernier's Scale ſtand againſt o Degrees: Hold the Plane of 
the Inſtrument vertical, with the Arch downwards; look through 
the Right-hand Hole in the Vane, and direct the Sight through 
the tranſparent Part of the Glaſs to obſerve the Horizon. Now 
the Horizon Line, ſeen both in the Quick-ſilvered Part, and 
through the tranſparent Part, ſnould coincide, or make one ſtrait 
Line, then is the Glaſs truly adjuſted: But if one of the Horizon 
Lines ſtand above the other, ſlacken the Screw in the Middle of 
the Lever, backwards or forwards, as' there is Occaſion, until the 
Horizon Lines coincide; faſten the Screw in the Middle of the 
Lever, and then is the Horizon Glaſs adjuſted. 


2. For the Back Obſervation. 


Turn the Button on one Side, and ſet the Middle Line of the In- 
dex as many Degrees before o Degrees as is twice the Dip of the 
Horizon; on your Height above the Water (found in the Table 
following hot. 

Arch downwards, look through the Hole in the Vane, and if the 
Horizon Line, ſeen through the tranſparent Slit in the Glaſs, coin- 
cides with the Image of the Horizon, ſeen in the Quick-ſilvered 
Part of the ſame Glaſs, then is the Glaſs in its Poſition : If not, 
flacken the Screw-Pin in the Middle of the Lever behind the 
Glaſs, and looking through the Vane as before directed, turn the 
Screw at the End of the Lever backwards or forwards, as it is 


wanted, until the Horizon Line coincides ; then tighten the Mid- 


dle Screw, and the Glaſs is adjuſted. In ſetting this Glaſs by the 
oppoſite Horizon, the Head ſhould be held a little backwards, not 


to intercept the Light from behind. The Horizon ſeen from be- 


bind will be inverted ; that is, the Water will appear above, and 
the Sky below; and if the two Horizon Lines croſs one another, 
the Inſtrument is not held upright, 


„ 


Another Adjuſtment which ought not to be omitted. 


Hold the Plane of the Quadrant parallel to the Horizon, and 
the Index being brought to the Beginning of the Arch, if the Ho- 
rizon of the Sea, or Line of the Sea, ſeen by Refraction in ſhe 
Quick-filvered Part of the Horizon Glaſs, be e ee, the 

| | | "ſame 


{ 
{ 
£ 
| 


d the Plane of the Inſtrument vertically with the 


r .. De — ”Y tit. 
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fame ſeen directly through the tranſparent Part of that Glaſs, 
unſcrew the neareſt Screw a little, and ſcrew up the oppoſite one 
till the direct and refracted Horizons agree; on the contrary, if 
the refracted Horizon is lower than the true one, unſcrew the 


| Screw fartheſt from you, and ſcrew up the neareſt one till the two 


Horizons agree ; and take Care to leave both the Screws tight, by 
ſcrewing them up equally if they are ſlack. 


To take the Sun's Altitude with Hadley's Quadrant. 
1. By the Fore Obſervation. 


Fix the Screens above the Horizon Glaſs, uſing either or both of 
them, according ta the Strength of the Sun's Rays, by turning 
one or both of the Frames of theſe Glafſes cloſe againſt the Plane. 
or Face of the Inſtrument; then, the Face being turned towards 
the Sun, hold the Quadrant by the Braces, or by either Radius, as 
is found moſt convenient, ſo as to be in a vertical Poſition, with 
the Arch downwards ; put the Eye cloſe to the Right Hand Hole 
in the Vane, look at the Horizon through the tranſparent Part of 
the Horizon Glaſs ; at the ſame Time, move the Index with the 
Left Hand until the Image of the Sun, ſeen in the Quick-ſilvered 
Part, falls in with the Line of the Horizon, taking either the 
Upper or Under Edge of the Solar Image: Swing your Body 
gently from Side to Side, and if the Edge of the Sun uſed be ob- 
ſerved not to cut, but to touch the Horizon Line, like a Tangent, 
the Obſervation is well made ; 'Then ſhall the Degrees on the Arch, 
reckoned from that End next your Body, give the Altitude of that 
Edge of the Sun which was brought to the Horizon. If the Lower 
Edge was obſerved, then 16 Minutes added to the ſaid Degrees, gives 
the Altitude of the Sun's Centre ; but if the Upper Edge was 
uſed, the 16 Minutes mult be ſubtraFted, „„ 


2. By the Back Obſervation, 


Put the Stem of the Screens into the Hole next the Horizon 
Glaſs, uſing them as before, according to the Strength of the Sun's - 
Rays; then the Back being turned to the Sun, hold the Inſtrument 
by the Radius and Brace in a vertical Poſition, with the Arch 
downwards; put the Eye cloſe to the Hole in the Vane, look for 
the Horizon through the tranſparent Slit in the Glaſs, with the 
Right Hand move the Index until the Image of the Sun, ſeen in 
the Quick-filvered Part of the Glaſs, ſtands in the Horizon Line, 
ſeen through the tranſparent Slit, uſing either the Upper or Under 
Edge of the Sun ; ſwing your 2 gently to the Right and Left, 

1 4 = 
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to try if the Sun's Edge runs along the Horizon; if it does, the 
Obſervation is well made, and the Degrees reckoned from that 
End of the Arch fartheſt from your Body, will give the Altitude 
of that Part of the Sun which was obſerved. If the Sun's Lower 
Edge was obſerved, then 16 Minutes ſubtracted from the before 
found Degrees, will give the Altitude of the Sun's Centre ; but if 
the upper Edge was obſerved, then the 16 Minutes are to be added, 
In either of theſe Obſervations, if the Altitude of the Centre could 
be obſerved, there would then be no need of uſing the 16 Minutes, 

To find the Sun more eaſily in the Horizon, turn your Back to 
the Sun, and look through the Vane and Glaſs down in the Middle 
of the Shadow of your Head, move the Index forwards until the 


refracted Image of the Horizon before you is brought down to 


the Place you look on in the Glaſs, and the Index wil then be ſet 
pretty near to the Altitude, and ſo fitted to find the Sun more 
readily, either in the Fore or Back Obſervation. 


* 


Ile Fore Obſervation is moſt convenient, eſpecially in great Al. 
titudes, becauſe there is a much larger Scope above and below the 
Altitude wanted, than there is in the Back Obſervation ; which, on 


Account of the Obliquity of the Speculum and Horizon Glaſſes, is 


more contracted in its Uſe; and indeed the Back Obſervations 
need never be uſed for the Sun where there is a clear Horizon for- 
Wards, or under the Sun. When this is hazy and ill defined, 
then it is beſt to uſe the Back Obſervation, if the Horizon is clear 
that Way ; and therefore it is proper that the Horizon Glaſs 
ſhould be always in Readineſs, py having it well adjuſted ; which, 


becauſe the former Method is not readily attained by Beginners, we 


ſhall annex another, which is ſomewhat more convenient, 


Another Way to adjuſt for the Back Obſervation. : 


Take the Altitude of the Lower Edge of the Sun, by the Fore 
Obſervation, as near to Noon as can be, then put the Screens into 
the Hole near the Sun, and turning your Back to the Sun, and 
holding the Inſtrument properly, ming Care not to move the 
Index, look for the Horizon Line through the tranſparent Slit of 
the Glaſs, and if the Horizon Line touches the Upper Edge of the 

Sun's Image in the Glaſs it is properly adjuſted ; If they do not 


touch, turn the Glaſs by the Lever behind it, till they do. This 


Operation muſt be done quickly, before the Sun ſenſibly alters in 
Altitude, and may be frequently repeated to make the Fore and 
| Back: Obſervations agree, 1 5 . 
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To take the Altitude of a Star by Hadley's Quadrant, 


Look directly up at the Star through the Vaue and tranſparent 
Part of the Glaſs, the Index being cloſe to the Button, then will 
the Image of the Star, by Refraction, be ſeen in the filvered Part 
right againſt the Star ſeen through the other Part; move the Index 
forward, and, as the Image deſcends, let the Centre of the Quadrant 
deſcend alſo, to keep it in the ſilvered Part, till it comes down in 
a Line with the Horizon ſeen through the tranſparent Part, and the 
Obſcrvation is made. | Ew 


By a Back Ol ſervation. e e 


Through the Vane and the tranſparent Slit in the Glaſs look 
directly at the Star, at the ſame Time move the Index till the 
Image of the Horizon behind you, being refracted by the great 

Speculum, is ſeen in the Quick-filvered Part, and meets the Star, 
and the Index will then ſnew the Degrees of Altitude. 1 5 

_ Hadley's Quadrants having of late been applied to take the 
neceſlary Obſervations for finding the Longitude at Sea, it has 
been found, that ſuch Obſervations require a Degree of Accuracy, 
which the Inſtruments conſtructed in the common Way, were 
not capable of; to remedy which, ſeveral Artiſts have applied 
different Articles. Particularly, | 7 

A-Screw to the lower End of the Index, to regulate its Motion, 
when brought by the Hand to a Diviſion, nearly ſhewing the 
Contact required; and a Magnifying Glaſs to read off the Diviſiog 
between the Limb and the V arnier. : 
A ſmall Tube or. Teleſcope, inſtead of the Sight Vanes, to 
direct the Lines of Sight in a Poſition parallel to the Plane of 
the Quadrant, which Tube is ſcrewed into a King fixed to a. 
ſquare Stand that ſlides into the Socket made for the Sight Vane, 
and by the Help of a Screw in its Bottom, at the Back of the 
Quadrant, the Stem can be raiſed or lowered, fo as to move the. 


Axis of the Teleſcope to point to any Part of the Horizon Glaſs, 
judged fitteſt for the Obſervation. 


The extending the Arch from the Octant to a Sextant, or ſixth. 
Part of a Circle, whereby the Angular Diſtance can be taken 
between two Objects to 120% which is ſometime: wanted in taking 
the Diſtance between the Moon and Sun; and the ſame Directions 
do for the Sextent that are given for the Quadrant, it being only a 
larger Portion of a Circle; alſo for the. Convenience of holding the 
Inſtrument in ſuch Obſervations, a ſtout Handle is fixed to the 
Back, and is a very neceſſary Addition, Os. 


To 
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To make an artificial Horizon, 


1 


One great Inconvenience that Mariners have to ſtruggle with at 


Sea, is the frequent Want of a Horizon ; for though the Atmoſ- 
phere may, at the Height, of 10 'or 12 Degrees and upwards, be 
clear enough to give a View of the Sun, or other Objects, yet 
all bee pat Height is often ſo hazy as to hinder a diſtinct 
Sight of the Horizon, and conſequently an Obſervation made at 


ſuch a Lime, cannot have the Correctneſs wiſhed for. To remedy 


this, many Methods have been propoſed, the beſt of which is, 


In a Wooden or Iron circular Box, of about 21 or 3 Inches 


diameter, and about 3 an Inch deep, pour about a Pound or more 
of Quickſilver, and on this lay a Metal Speculum, or Piece of 
plain Glaſs, whoſe diameter is about one third of an Inch leſs 
than that of the Box ; this will float in the Quickſilver, and ſhew 
the Image of the Sun very ſteady. This Apparatus being ſlung in 
Jimbole, will preſerve a tolerable good Horizon. The Speculum, 
or Glaſs, ſhould be homogeneous, and have parallel Sides. There 
are ſome Workmen who can work the two Planes of a Piece of 


Glaſs, ſp that they ſhall be demonſtratively parallel; 6r the fine 


Surface of the Quickſilver will do itſelf, In all Obſervations made 


with theſe artificial Horizons, a Piece of coloured Glaſs ſhould _ 
be fixed before the Vane uſed, to preſerve the Eye, and the 


Screen may be taken off. 


The Rays of Light in paſſing 3 the Atmoſphere are bent 


out of their ſtraight Courſe into a curve Line; and hence it happens 
that all the Heavenly Bodies, except when they are in the Zenith, 
appear higher than they ought to do, and ſo much the more the 
nearer they are to the Horizon. This apparent Elevation of the 
Heavenly Bodies above their true Height is called the Refraction of 
their Light, or, in common ſpeaking, the Refraction of the 
Objects ; and the Quantity or Effect of it, according tg the diffe- 
rent Altitudes of Objects, has been carefully obſerved by;eminent 
Aſtronomers, and muſt always be ſubtracted from the apparent Al- 
titude, but added to the apparent Zenith Diſtance of an Object, 
with whatever Inſtrument the Obſervation is made, in order to 

obtain its true Altitude or Zenith Diſtance. 
That the Corrections of obſerved Altitudes of Objects, both on 
Account of the Dip of the Horizon and the Refraction of their 
Light, may appear at one View, they are both exhibited together 
in the following Table: BE | SE 


A Table 


} Flevation of the Evel 
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1 8 5 A Table of the Refraction ofthe Heavenly bodies 
TT Lv be ſubtracted from the obſerved Altitude. 
8 | 7 . . App. lo 
E 8 8 8 . Refrac. "Pp: Refrac. 155 Ref Ake net 77 Refr 
3 1} and a | — IH : | 
| Sh mt] / 1119 17 11}? | 0 Y 6 ＋ 8 
1 57] 033 0 4 gojro 110 3o0ls of26 oft 56/59 ofo 3 
ar „ 832 1 49 5419: 4544 5327 [1.5166 1 31 
3, 39] 10031 22] 5 iofg 38|:1 04 47,28 1 41]61 . 32] 
411 55] 15130 35] 5 299 23111 1504 40/29 [ 426230 
5] 80 20/29 500 5 z % gr 30% 3430 fo 38163 | 2 
55 602 20 30/28 22] 5 40| 8 54011 4514 2931 l 35164 28 
; 712 31 0 32 28 6 5 50 8 41 12 0414 23/32 I 31065 3 
82 42] 3627 30 o 8 28/12 204 16033 i 280666 25 
9j2 52] 49j27 of 6 108 15/2 404 934 f 24164 | 2 
10/3 I} 5025 42] 6 2008 3/13 04 3'35 |, 21168 23 
"29 1801 0124 29] 6 3ol 7 5113 2003 57036 [1 2869 1 22 
143 34/1 10:23 2006 407 40013 4013 51137 [x 16070 21 
1603 4901 2022 15 6 500 7 30/14 03 45438 11371 | 19 
18/4 z 30,21 15]7 of 7 2014 203 4039 f 10172 18 
20/4 I6|r 4020 18] 7 10 7. THI. 403 3500-1 73 17 
2214 2801 50019 25] 7 20 7 215 013 3041 I 5174 16] 
241+ 4% 218 3517 30 © 5315 3013 24/42 f 375 | is 
2014 52/2 10017 48] 7 49 6 45/½6 93 1743 fi 1170 14 
2315 3, 2017 407 500 6 3716 3003 10445977 13 
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| To work an Obſervation, or to find the Latitude 7 4 Place by the Tables 


of the Sun or Star's Declination and the Zenith Diflance. 


The Latitude of any Place is its Diſtance from the Equator, 
either North or South, counted in Degrees, &c. upon an Arch of 
the Meridian, contained between the Zenith, or that Point directly 
over your Head, and the Equatcr, It can never exceed go De- 
grees, and is found by taking the Altitude or Height of the Sun 


or Star above the Horizon of the Sea with a Quadrant, when on 


the Meridian or due North or South of the Place of Obſervation. 
This Meridian Altitude, corrected for Dip of the Horizon, and 


Refraction, and 16 Minutes the Sun's Semi-diameter added thereto, 
gives the Altitude of his Centre, which being ſubtracted from go? 
gives the Zenith Diſtance, or the Number of Degrees, &c. the 


* Centre of the Object is from the Point over your Head; with 


Which, and knowing how far the Object is to the North or South 
of the Equator, which is called Declination, the Latitude is found 


by the Meridian Altitude of any Celeſtial Object as follows: 


Iiſt. If the Sun or Star be South when obſerved, call the Zenith 
Diſtance South; but if North, call it North. 5 | 
Then if the Zenith Diſtance and Declination be of contrary 


Names; that is, if the Sun or Star comes to the Meridian in the 
- North, and hath South Declination; or to the South, and hath 
North Declination, the Zenith Diſtance, added to the Declina- 


tien, gives the Latitude of the Place of Obſervation ; and of the 
{lame Name the Declination is of, whether North or South. 

 2dly. When the Zenith Diſtance and Declination are of the 
ſame Name ; that is, when the Sun or Star comes to the Meridian 


in the North, and hath North Declination ; or to the South, and 


hath South Declination, ſubtract the Lefler from the Greater, and 
the Remainder is the Latitude; and to know whether it is Nort 


or South, obſerve this general Rule, | 


When the Declination is greater than the Zenith Diſtance, the 


Latitude is of the ſame Name with the Declination; but if leſs, 


of a contrary Name. 


 ; NoTs 1. When the Sun or Star is on the Equator, or hath no 
Declination, the Zenith Dittance is the Latitude of the Place, 


and of a contrary Name to the Zenith Diſtance, 


2dlv. When the Sun or Star is in the Zenith, the Declination 


is the Latitude, and of the ſame Name as the Declination is of: 
For it is evident, that as they are equal.y diſtant from the Equa- 


tor, and on the ſame. Side of it, conſequently if the Declination 


be North, the Latitude will be allo North, and if South, South. 
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EXAMPLE I. , EXAMPLE . 

Being at Sea the 27th of May, Being at Sea the 14th of January, 
1778, the Suii's Meridian Altitude 1779, the Sun's Meridian Altitude 
was found to be 57 33/, and it was was. found 22 17/8. What was 
South of me; what Latitude was I the Latitude of the Place of Obſer- 
ink N GR 2 e ge oft 
Meridian Altitude 57 35 Meridian Altitude 72, 17 8. 


Zenith Diſtance . 32 25S. Zenith Biſtanee 17 438. 
Sun's Decl. in TO wh 51N; Declination > TOs a7 178. 


for May 27 is SS —— 

2 5 — — The Latitude in 3 348. 
Latitude ii 16490) + od ante | 
#5 In this Caſe it is plain that the_ 


8 3 the Enser; - 

Being at Sea the z4th of July, 8 X A MPL E IV. 5 
1779, the- Meridian Altitude of the - Being at Sea the 4th of May, 
Sun was 25 13), being North of 1778, I obſerred the beight, Star 
me; required the Latitude in? Fomelvaut 25> 21 above the Hori- 
| 2 go? of ron bf the Sea: and it was North of 
Meridian Altitude 2) 13N::; me; required the Latitude by * 


EXAMPLE II. bee was between the Sun and: 


Zenith Diſtance 62 47 N. Meridian Altitude ſto 
Sun's Dech in Table] % r oo ence 
for July 24th, : 9 Sa. Zenith Diſtance - $2. 39N.. 
| ——  Fomelhauy'sDeclP, Tab. 30 48 8. 


Laie 42 538. e | 
| The Lafitudeih\' 21 318. 


s F ; 6 3 F — R 

' The foregbing Rules are for obſerving by the Jutl or Stars when 
they are at their greateſt Altitude, or upon the Meridian above the 
Pole; but as in ſome Parts of the Earth the Sun dues not ſet for ſe- 
veral Days, and ſome Stars never ſet; in. that Caſe they may be ob- 
ſerved upon the Meridian twice in the 24 Hours chat is, nee at 
their greateſt Height as befofe, and again when they are at their 
loweſt; or upon the Meridian below the Pole; to wotk which Ob- 
ſervations; take the fo nn i tn PEE 8 ; 

Kor. Add the Complemetit of the Deelination to the Meridian . 

Altitude, the Sum is the Latitude of the fame Natne with the De- 


clination. 4 ? - 4 
| A 5 | 28 
; a 7 ; 3 i 


At Sea I took the Altitude of the North Pole Star, when on the 
Meridian below the Pole, and found it 46 21“, required the: 


4 


Latitude? | 


Com. Declination q 


* 2 . 


. The Latitude in 


11 the following 2 the CorreQtions fob Dip and Reſrafion 


are introduced. 
EXAMPLE vi. 


'By a. fore Obſervation he AL 


titude of the Sun's lower Edge was 
found by Hadley's Quadrant io be 
4 20/ S. when his Declination 


” 6 N. the Eye being 30 


Fes eet above the Horizon. - 
Required the Latitude of the Place, 
Obf. Alt. Sun's lower Edge 40? 20'S. 
Semi-diam, to be added © 16 


App: Alt. Sun's Centre 40 36 

of Hor. to be ſubtr. o os 
3 Ap Alt. Cor. bythe Dip. 40 31 
Refract. to be ſubr. 0 or 


3 rue Alt. of Sun's Centre 40 30 te 40 30 


True Zenith Diſtanse 49 308. 
Declination 2 56Þ 56N. 
. 59 26N. 


RE XAML E VII. 


LY a back | Obſervation with 
bun 1 


's Quadian 


was 25 12'S. 
tion was 215 "14 - At 


FI 77995 aner * 12'S. 
Semi-diam. to be ſubtr. 0 16 


5 + s Centre 24 50 
Dips of Hor. to'be\added” o 06 


App - Alt. Cor. by the Dip. 25 02 


Refract. to be ſubtr. 
True Alt. of Sun's Opniregs 22 25 oo 

— FrueZenith'Diſtance- 2285 00S, 
Decliaation 5 RIES 


154 USE OF HADLEY's QUADRANT, 
" The Meridian Altitude | 


| Latitude | 
7 t, the Apparent -. 
17 Attizude of the Sun's lower Edge 


4; 2 N. 
1 $4 


— 25 rg. 


KC 


EXAMPLE VIII. 


Suppoſe the Eye of an Obſerver = 


at 35 Feet above the Water ſhould 
with Hadley's Quadrant, by a fore 
Obſervation, find the Altitude of 
Sirius 53? 35/8. when it paſſed tue 


Meridian, having before Hand ſet 
his Watch, and found the Time of 
Sirius's Paſſage ; required the Lati- 
tude of the Place of Obſervation? 
Obf. Alt. of Sirius 535 35 oN. 
Dip. of Hor. to be ſab. o 39 


Ap. Alt. above Hor. $3.29 21 
Refract. to be ſub. o oo 42 


True Alt. of Sirius 53 28 39 


True Zen. Diſt. 36 31 21 8. 
Sirius Declinat. 16 256 08. 


20 06 21 N. 
EXAMPLE IX. 

Suppoſe on the 12th of June, 

1784, an Obſerver in an high 


o Northern Latitude, and 659 to the 
Weſt of London, his Eye being 
28 Feet high, obſerved the Alti- 


tude of the Sun's lower Limb on 
the Meridian below the Pole, to be 


8 15 North by a fore Obſervation 
with Hadley's ; + Quadrant ; 3 requir- 
_ ed the Latitude ? 


The Sun being obſerved below 
the Pole, it muſt have been at 12 


Hours paſt Noon, at the Place of 
Obſervation, and that Place being 
65 Weſt of London = 4 Hours 
20 Minas later chan at London, 
| _ there, 


wath oa, X © ii... La 


99 I als: ins 


82 
G ²˙¹Ü ? A ²ͤ˙H ˙ ond — . C.-. ͤàmwmVmU m ̃ũ —uV TÄ ea ate . . 


„ „ wa__ wo 4 


' USE OF HADLEY's QUADRANT. 155 | 
therefore it muſt have been 16H. Ap. Alt. Sun's Joer Limb 8? ſe v. | 


20M. -paſt Noon at London. Semi-diam. added 1 

June 12th, 1780, the Sun's De- — — 
clination 23 13 North, the Daily App. Alt. Sun's Centre 8 38“ 
Variation is 3 Minutes, and 24 H. Dip of Hor. ſub, 1 


302 16h. 20m. : 2 10”, which ä — 
added to 230 137 (becauſe the De- Sun's Alt. Cor. by Dip. 8 26 
clination is increaſing) gives 23˙ Refrac. ſub. 1 
150 10%, the Sun's Declination at | | — 
the Time of Obſervation. | 


True Alt. Sun's Centre 8 20 
Comp. Sun's Decl. 66 45 


«„  Latitufein - og cr 


Having in the foregoing Examples exhibited the Method of finding 
the Latitude by the Meridian Altitude of the Sun or Star, yet, as ik 
often happens, that in coming in with the Land at Night, the Mariner 

would gladly find his Latitude without waiting for the Star's being upon 
the Meridian; for which Purpoſe, I ſhall ſhew how to find the Latitude 
by the Table of the Pole Star at any Hour of the Night. 

North Star. 
Time the Star|Star above ft. 
is diſtant from below the 


* 


Sor Having taken the Altitude of the Star, 
and noted the Time of Obſervation by you 


Watch (kept as true as may be), correct it by th 15 N 
Refraction 1 Dip of rin ien. This one, C 1 — | 
the next Thing is to find the Time of the Stars H. M.. „ | 
being onthe Meridian above the Pole. oo | 4. 
If the Time of Obſervation be not more than] 8 15 1 50 2 
6 Hours Jiſtant from the Time juſt found (off 39 | f 35 5 
the Star Bazng on the Meridian above the Pole) 2 45 | 7. 4 = a 
the Diſtance of Time will, in the Table, give the] 1 ©. > ü 
Degrees and Minutes to be ſubtracted from the] 1 15 | 250 
true Altitude of the Star for the Altitude of th 3 1 
Pole, or Latitude of the Place. But if the Tim 1 45 I: $0445 
of Obſervation be more than 6 Hours diſtant] '*2 ©9 [ 4 
from the Meridian; it may be obſerved, that] 2 15 x 1611 
about 12 Hours before the Star is on the Meri-|] 2 30 L321; 
dian above the Pole, it was and will be again, 2 45 I. a7. 3 | 
about 12 Hours after, on tis Meridian below] 3 | 1 22 
the Pole, Then enter the Table with the Diſ-] 3 15 1 
tance of the Time of Obſervation from the Time] 3 30 11 
of the Star's tranſiting the Meridian below the] 3 45 3 8 1 
Pole, and you will ſee the Degrees and Minutes 4 ©9 © LS 
to be added to the Latitude required. . 4 15 0. SER 
| 4 30 o 44 | 
N. B. The nearer the Star is to being on the] 4 45 a 7- 
Meridian, the more accurate will the Latitude 5 99 3 
be tound, © 8 | 3 15 o 22 
'» \ * | 5 30 2 11 
3 . 
b oo © © 
U3 | EX A Ms» 


\ : 


iss USE OF HADLEY's QUADRANT, 
8 be | Suppoſe the Altitude of the North Star was taken at Sea the 30 
of December, at 8 at Night, and found (Refraction and Dip of 


the Horizon being allowed / to be 52 Degrees 10 Mimutes ; what 
Latitude was the Ship in i , Sec, ok Al Re UE, 


„ Right Aſcenſion of the Star -* Po 6 46 
Ad e Wy „ „ £1 9 We 


® 4 


Sun's Right Aſcenſion fubtra& sé 39 


iT he Star is on the Merid. ahove t Pole t - vin the Ev 5 
Time of Obſevatin 0 N n 8 tes "hy 


Time diſtant from the Meridian © © 7 


— 
* 


N Hence from the Altitude of the Star c ED 52 5 ON. 


1 


But if the Time of .Obſervation had been 4 o' Clock in the 
Miorning, that Time js more than 6 Hours diftant from the 
TDime of tranſiting the Meridian above the Pole; | therefore we , 
muſt conſider, that, as it was on the Meridian above the Pole 

at 8 Hours 7 Minutes at Night, it muſt have been on the Me- 
ridian below the Pole about 8 Hours 7 Minutes jn the Morn- 
ing; and therefore ſubtracting the 'Time of Obſervation 4 Hours, 

the Diſtance of Time from the Meridian below the Pole is 4 
Hours 7 Minutes, which, in the Table, givs o Degrees 55 Mi- 
nutes; which, added to 52 Degrees 10 Minutes, gives the Lati- 
due 53 Degrees 5 Minutes North. FFF 
155 ee eee e 8 
; 1 ; : ' 

| 


— - 


7 


. 


8 o »1- 
4 & s 


1 ws 9 — i 0 
3 * j . 
* * 
as 
7; 


of the Variation of the Compaſs. 


ained between the Meridian-of the Place and the Magnetic 


1 Variation of the Compaſs is an Arch of the Horizon cons I 
£ 


Meridian, and is either Eaſt or Weſt; or it is the Number of De- 


grees, &c. the Needle's Point ſtands from the true North ar 


South Points of the Horizon, reckoned to the Eaſtward or Wefſt= 


ward, and is readily found either from the Sun's Amplitude of 
Apgimuth. 7 „ FF. 


To find the Aurlrruvp sg. 


The Sun's true Amplitude is an Arch of the Horizon compre» 
hended between the true Eaſt or Weſt Points thereof, and the 
Centre of the Sun at his Rifing or Setting; or it is the Number 
of Degrees, &c. the Sun riſes or "ſets to the Northward or 
Southward of the Eaſt or Weſt Points of the Horizon. DEFECT 

The Sun's Magnetic Amplitude is the Number of Degrees, &e. 
his Centre is Northward or Squthward of the Eaſt or Welt Pointe 
of the Compaſs at his Riſing or Setting, and is found with ag 
Azimuth Compaſs, in the following Manner: | 

Move the Box about till the fgur Gardjnal Points of the Card 
coincide with the four Lines in the Sides of the Compaſs-Box ; 
keep the Box ſteady, and turn the Index till the Centre of the Sun, 
at Riſing or Setting, when his lower Edge juſt touches the Hori- 


is ſeen through both the Sights; then the Degrees between oj 


on. | rs Too! or | * 
705 North Point of the Compaſs, and the. End of the Index points 
ing to the Sun, will be the Magnetic Amplitude ſought. _.. 
( To find the Variation of the Compaſs by an Amplitude, y6u _ 
muſt have the Latitude of the Place, the Neclinatiqn of the Op- 


. . v 


ject, and the Magnetic Amplitude given. 4 
The true Amplitude is found either by Inſpection in the Tableß 
of the Sun's Amplitude, or by Calculation as follows; 


Ru E. As the Sine Complement of the Latitude 
5 Is to Radius. 
So is the Sine of the Sun or Star's Declination 
Io the Sine of the true Amplitude; 


Which is always of the ſame Name with the Declination, whe- 
ther North or South; or ; . 
To the Arithmetical Complement of the Sine Complement of 


the Latitude add the Sine of the Sun's Declination, and that Sum 1 


5 "Pill be the Log. of the Sine of the true Amplitude, 


— 
- 
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NorE. The Arithmeticah- Complement of the Co-fine of an 
Arch is always equal to the Secant of that Areh, throwin z away 
Radius, ar neglecting one, which ſtands the firſt Figure in the 

ecant's Index; likewiſe the Arithmetical Complement of the 

ine of any Arch, is the Co-ſecant of that Arch leſs Radius, or 

the firſt Figure of its Index : : "Wherefore, the Arithmetjcal Com- 

ement o of” the Sine or Co-ſine of any Arch is found in the 
Fe of Sofas: by Inſpection, 5 


EXAMPLE 1. 


4 5 K the 20th of October, * in Latiguds s 512 32 N, I te | 
2 mand the true Amplitude? | 


5 
* 


4 3 


As Sine Com. Lat. 1:42 9.79383 Or to Ar. Com Sine ? | 
ha Radius £5: 10.0000 Co. Lat. 51 32 13 8 
80 is Si. S's Dec. 20 3408. 9.26335 Add Sine Sun's Decli- 5 
| ; EE | nation 10.34 8. 28 335 | 


© ToSi. of true Amp. 179 9.46952 | + PLA 
hes p ns LR F 8 f h 

e tus of the br. dp. 9-46952 
15 . Which is South becauſe the De. 


. Fa elination is Soong. 
EXAMPLE U. 


An | Laticeds 38 25 N. What is the Sun's true Angles de when 
he Declination is 18 500 N. ** VL 


% As Sine Com. Lat. 33? 25 9. $040 ate Ar.Coim.S co. 
Is to Radius Rcle! Lat. 3 n ge . 55%, 


80 b Sun's Decl. 18.59 9.51227 Add Sue Da iP 5% 9. 51227 


— — ——_—_— 


ro S- * ec * 9: 61822 2 3% true Ampl. 4 9.6 1822 
; 1 Which 3 is North, becauſe his De: 
„ clipation is North. 


"My 


To- fndthe true Amplituds by the Table of Ampitudes, 


Look for the F798 Latitude at the Top of the Table, and the 
Declination in the firſt Column on the Left Hand in the common 


Angle of meeti __ e the 5 rees and Minutes of the 2 i: 
Aude required. ä i Fo of 


Lemma mane wad 


EXAMPLE. | 


In Latitude 5 N. when the Declination was 17 N. required 
the Sun' $ true us Amplitude at Ring ? 


55 N bre 


"Eg 
r 


VARIATION: or THE COMPASS: 6% 


ode, Latitude 40 and: right 1 againſt. theyDeclination 1 
fand 22 267, the true Amplitude, and js to'be counted from the 5 
Eaſt towards the North, becauſe it is at the Sun's s Riſing, and the. 0 

| Declination is North; that i is, E. 22 26'N, — 7 
But when the Latitude is given in Degrees, wat the Declingtion 3 
in Degrees and Minutes, find the Latitude at the Top as before, 4 
and 825 neareſt Degrees to the given Deelinstion in the Left | 
Hand Column; againſt! which, and under the given Latitude, 
ſtands the true Amplitude; ; or, if the Minutes of the Declination 
be near 30, or 3 # Degree, find the Amplitude for the given De- 
grees of Declination, and the Amplitude for one Degree above 
it; add theſe two Amplitudes toj ether, half their Sum will be the 
true NPY ſufficiently EXAC| for Practice at Sea. e 


EXAMPLE It 


' Suppoſe I would know the Sun's true Amplitude at his a. 
Gin Latitude 57, his Declination being A129 6. + 4. 
Find the Ampl. as before for the f 11 | whiab w ill OS + 50? "29. 


* 


Lat. 57 "up the Declinations IS: | 22 . 
Ay 


Nv © 


| 8 Half ls OY 21 27 „ 
4 true Amplitude ; ; that 1 W. 2 21* 28 becauſe at Sun 3 : 
and the Declination South. In like anner, if the Declinatie . 
be in Degrees, and the Latitude i in Degrees and e 998%; | 


E Xx A M P I. E II. 


Suppoſe i it were required to find the Sun's true amplitude at. 
Setting in Latitude 49* 2/, when his Declination was 21 . 


FS 
8 -. * 


Now 27 Minutes being nearly Half a Degree therefore, 2 
For Lat. 49 12 8 N ; va 5 
For Lat. 50 J the n are + Cn; a SD 

Wb - Sum 66 38 * ; : 2 


4 Ha the $6 is 33 29 ie true Amplitude — 
required ; that is, W. 29 N. becauſe the Sun was Setti 1 
the Deelination N. 33" 29 Setting, and 56 k i 4 
hen the. Latitude and Declination are both given in bs” oc 

and Minutes, take the neareſt Degrees to both, given they are 3 


near 30 Minutes, as obſerved be fore and fi 4 A 
| in Example 1 , N n * 5 as 


I 
i 
| 


i66 VARIATION OF THE COMPASS. 


tion, the true Azimuth is found as follows: 


we + 8 F 


"PO wy * 
=> * <7 
2 pack "oh 
„ . 


err EE. IV; 

Suppoſe it were required to find the Sun's true Amplitude at 
Setting, in Latitude 49* 18', his Declination being 19 41 N. 

Now as the Latitude is neareſt to 49%, and the Declination 

neareſt 20”, therefore under Latitude 49*, and againſt Declination 

20, ſtands 31* 25 N. the true Amplitude; that is, W. 31* 25 N. 


the Declination being North, and at the Sun's Setting. 


To find the true AZIMUTH. 


The true Azimuth is an Arch of the Horizon, contained be- 


tween the Meridian of the Place and the Azimuth Circle, paſſing 
through the Centre of the Sun or Star at the Time of Obſervation; 


er it is the true Diſtance of the Sun or Star from the true North 
and South Points of the Compats. 


The Magnetic Azimuth is an Arch of the Horizon contained 


between the Magnetic Meridian, and the Azimuth Circle, paſſing. 


through the Center of the Sun or Star when obſerved ; or it is the 
apparent Diſtance of the Sun or Star, from the North df South 
Points of the Compaſs, either in the Foretioor br in the Afternoon 
when they are 5 10*, 15*, &c. above the Horizon, and the leſ+ the 
Altitude is, the more exact you may perform the Obſervation. 
The Magnetic Azimuth is found by the Compaſs. in the follow- 


ing Manner: 


Set the Box ſo that the four Cardinal Points of the Catd ſtand 


. oppoſite to the four Lines in the Compaſs Box; hold the Box in 


this Poſition, and move the Index, till the Sights being directed 
to the Sun or Star's Centre, the Shadow of the String joining the 
Sights, fall directly along the Middle of the Index; then the De- 
gree, &c. in the Arch intercepted between the End of the Index; 
next the Sun, and North Point of the Card, will give the Mag- 


netic Azimuth required. If the Sun does not ſhine ſtrong enough 


to give a ſtrong Shadow, look through one of the Fights, and 
move the Index till one of the Strings. cuts the Sun's Centre, and 


then the intercepted Arch, as before, ſhews the Sun's Azimuth, 


ant the like of the Stars, et ue | 
When there is a rough, Zea, the Obſervation is beſt made by 


two Perſons, and if the CA vibrates much, take the Middle De- 
gree between the Limits whith the Vibration reaches. 1 
When the Azimuth is obſerved, the Altitude of the Objeck 


muſt be obſerved at the ſame Time. 1 0 
Having the Latitude of the Place of Obſery 


5 tion, and the Sun 
or Star's Declination, with the Altitude at th 


* 


W „% - „ 22 


Fon - Ina ww KK 


* 
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Rur. Add the Complement of the Latitude, the Complement 
of the Altitude, and the Sun or Star's Polar Diftance into one 
Sum: From Half that Sum ſubtra& the Polar Diſtance, and note 
the Half Sum and the Remainder ; but if the Half Sum be leſs than 
the Polar Diſtance, then ſubtract it from the Polar Diſtance, and 
the Difference call the Remainder. Then add together, 


The Arithmetical Comp. of the Co-fine of the Latitude, 
The Arithmetical Comp. of the*Co-fine of the Altitude, 
tg The Sine of the Half Sum, 
And the Sine of the Remainder into one Sum. 


Half the Sum of theſe four Logarithms will give the Co-ſine of 
Half the true Azimuth, which being doubled, gives the true 
Azimuth, reckoned from the North in North Latitude, and from 
the South in South Latitude, Wy | | 

N. B. The Polar Diſtance of the Sun or Star, is their Diſtance 
from the neareſt, or elevated Pole, and if the Latitude of the 
Place, and the Declination of the Sun or Star, be both North or 
both South, then the Complement of the Declination is the Polar 
Diſtance; but if the Latitude and Declination be one North, and 
the other South, the Declination added to 9oꝰ gives the Polar 


Diſtance. 
| E X AM F LE EF 


In Latitude 43˙ 30“ N. the Sun's Altitude is obſerved to be 39? 
28', his Declination being then 16* 37 North, required his 
Azimuth ? : : - e | 

gf ef .... 90”. oo - * od - 
Lat. 43 39N. Altitude 39 28 Decl. 76 37N. 


— — 
——— 


Co. Lat. 46 11 Co. Alt. 50 32 Polar Diſt. 73 23 


— — 


Comp. Lat. 46 21 Arithm. Comp. Co- ſine Lat. 4.39 0.140 = 
Comp. Alt. 50 32 Arithm. Comp, Co-ſine Altitude : 4 a 
Polar Diſt. 73 23 Sine Half Sum 89 o8 9.99843 

| Sine Remainder — 11 45 gao8 7 20 


Sum 170? 160 


Sum of the fourth Lo garithms : PS” - NS 
Sub. Po. Diſ. 73 23 Half the Sum Co-ſine 52 56 9 78 3 


* 


Remainder 11 45 And 52? 560 doubled, gives 105² 52/ for the Sun's 0 
true Azimuth to be reckoned from the N n 


EXAMPLE II, -Y] 3 2 
& N. the Sun's Altitude is obſerved” to be ng 185 
tion being then 2 38 8. required his Azimuth? 3 | 

| MY. + Comp, TI 


* N "au. «.Y 
N , 
4% \ 5 
"1 ws boys *% 4 
13 
wg 
25 3 
* 
Y · 
Walk 
5 % 


— 
* 
E 
I 
* 


< 


In Latitude 42 1 | 
18 40/ his Declina 


13% 


„ 
D Z 
1 4 
2 * * 2 
* 4 * 
- ws "WP P * 
£5 — {thats a 1 


* 7 q \ p E 7 A 7 p 
. N r . . p 
« _— Oe * * i ( * SRI OS 
1 RY 5 wy COIL * 1 
8 + 5: 119% 
* * * * 7 
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Comp. Lat. 47 44 Arith. Com. of the Co- ſine Lat. 42 16 0.1305 
Comp. Alt. 71 20 Arith. Com. of the Co-fine Alt. 18 40 0.02347 
Polar Diſt. 97 38 Sine of the Half Sum „108 21 9.97733 
| — —— Sine of the Remainder 16 43 9.26940 
Sum 2197 43. © g 5 | | | |. 

| ———-— Sam of the four Logarithms 109.4000 
Half Sum 108 21 2 'S „ ee 
Sub. Po. Piſt. 97 38 Half the Sum is equal to Co-ſine 59 53 9. 7004 


— 


Remainder 10 43 And 59 5 / doubled, gives 119 46/ for the Sun's 
— true Azimuth to be reckoned ſram the North. 


1 a. Y ed id 1 


Queſtion I. Being at Sea, in Latitude 40? 38' N. in the Afternoon 
the dun's Altitude was obſerved to be 20? 40/, when his Declination 
was 17 10' S. What was the Sun's Azimuth at that Time? 

Anſwer. 137 50' from the North. —- 

Dueſtion II. What is the Sun's true Azimuth in Latitude 26* 30/N, 
in the Forenoon, when his Altitude is 24* 28/, and his Decliation 
22? 40f North? 5 by x 

Anſwer. 7 * 44/ from the North Point of the Compaſs. _ 

Queſtion III. At the Iſland of St. Helena, the Sun's Altitude was 
. obſerved to be 30 22/ in the Forenoon, his Declination being then 
22” 58' 8. Required the Azimuth at that Time? | 
Anſwer. 72" 26' from the South, or 107 34' from the North. 
Question IV. What Point of the Compaſs does the Star Aldebaran 
dear on, at the Cape of Good Hope, when its Altitude is 22 25'? 
.Anfwer, 130 8 from the South, or 49? 54 from the North. 


bhewd 5 4 


Having found the Sun's true Amplitude, or Azimuth, by the 
preceding Methods, &c. Magnetic Amplitude or Azimuth by Ob- 
ſervation, it is evident, that when they agree there is no Variation; 
but when they diſagree, then, if the true and obſerved Amplitudes 
be both of the ſame Name, that is, both North or both South, 
their Difference is the Variation; but if the true and obſerved 
Amplitudes be pf different Names, that is, one Narth and the- 
other South, their Sum is the Variation. Agi, dhe true and. | 
obſerved Azimuths be both on the Eaſt, or both oH the Welt Side * 
of the Meridian, their Differeneg is the Variation; but, if the true y 
and obſerved Azimuth be one on the Eaſt, and one on the Wet 


FE OR OT. GD RE, PR UTR 


| Side of the Meridian, their Sum gives the Variation; and to know 8 
1 the Variation is Eaſterly or Weſterly,*6bſerve this general 1 
t the Obſerver's Face be turned to the Sun, then, if the 4 
true Amplitude or Azimuth be to the Right Hand of the Mag- 80 


getic, or obſerved, the Variation is Eaſterly, but if the Left 
5 IH "EXAMPLE  * 


g N a ” pw 
1 nn n > nnn 
5 he A tt 


8 
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EXAMPLE I. 


c ſe the Sun's true Am litude * 
Suppoſe the Bun s P at Setting be W. 34 26'S. and his 


at Riſing is found to be E. 14? 200 

N. but by the Compass it is found 

to be E. 26% 12 N. required the 
Variation? 8 

From the greater E. 26 r2'N. 

Take the leſſer E. 14 20 N. 


Remains the Variation 11 52 E. 
Which is Eaſterly, becauſe in this 
Caſe the true Amplitude is to the 
Right of the Obſerved, 


EXAMPLE III. 


Suppoſe the Sun's true Ampli- 


tude at Riſing is E. 13* 24 N. 


and his Magnetic Amplitude E. 


12* 32/ 8. required the Variation 
and which Way? N 
Since the true Amplitude and Ob- 
ſerved have different Names, 

To the true Amplitude E. 1324 N. 
Add the Magnetic Am. E. 12 32 8. 


The Sum is the Variation 25 ß W. — 
———— Reasiader Vatistion 13 16 E. 


Which is Eafterly, becauſe the 


Which is Weſterly, becauſe the 
trae Amplitude is to the Left of the 
Obſerved. Eos | | 


EXAMPLE V. 


Suppoſe the Sun's true Azimuth 
is N. 32 28/ Eaſterly, and his 
Magnetic Azimuth N. 89 50/ Weſt, 
* the Variation, and which 
a j . 
* they are on the different 
Sides of the Meridian, | 
To the true Azimuth N. 32* 2% E. 
Add the Mag. Azim. N. 8 5coW, 


Sum is the Variation 41 18 E. 


Which is Eaſterly, becauſe the 


true Azimath is to the Right of 
the Obſerved, Y 


X 2 


EXAMPLE II. 
Suppoſe the Sun's true Amplitude 


Magnetic Amplitude W. 232 13 


S. required the Variation, ſince they 
are both of the ſame Name? 


W. 34 26'S, 
W. 23 13 8. 


From the greater 
Take the leſſer 


Remains the Variation 11 1 z W. 


Which is Weſterly, becauſe the 
true Amplitude is to the Left of the 
Obſerved in this CaſdGmGQ. 


"EXAMPLE IV. 


Suppoſe the Sun's true Azimuth 
in the Forenoon is N. 86* 40/ Eaſt- 
erly, but by the Compaſs it is N. 
73? 24 Eaſterly, required the Va- 
riation, and which ay? 

Since the true and obſerved Azi- 


muths are both on the ſame Side 
of the Meridian, 1 F 
From the greater N.86* 40 E. 
Take thelefler  _ N.73 24 E. 


true Azimuth is to the Right of the 


i Obſer ved. ; | 


EXAMPLE VI. 

Suppoſe the Sun's true Azimuth 
S. 179 45! E. and the Magne- 
tic Azimuth 8. 
quired the Variation, and which 
War? ä 

Since they are on different Sides 
of the Meridian, 


To the true Azimuth S. 17 4 K. 


Add the obſerved Az. 8. 5 48 W. 


Sum is the Variation 23 33 E. 


— m—_ 


Which is Eaſt, becauſe the true 
Azimuth is to the Right of the 
Obſerved. 


The 


5 48' Weit, re- bo 
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The Uſe of the Variation is to correct the Courſe ſteered by the 
Compaſs ; when the Variation is Eaſt, it muſt be allowed to the 
Right Hand upon every Courſe ſteered quite round the Compaſs ; 
but when the Variation is Weſt, to the Left Hand, _ 
Nor. The Variation may be eaſily found by taking the Sun's 
Altitude in the Morning, and obſerving what Point of the Com- 
paſs he bears upon ; and in the Afternoon when 'the Altitude is 
the ſame, the middle Point will be the true Meridian, the Differ. 
ence between which and the North or South Points of the Compaſs 
is the Variation. If the Altitudes are taken at 5, 6, or 7 o'Clock 
in the Morning, you will have the ſame Altitude at 5, 6, or 7 
o' Clock in the e being equally diſtant from Noon. 

The Variation of the Compaſs was firſt obſerved at London, in 
the Year 1580, to be 11* 15” Eaſterly ; and in the Year 1622, it 
was 6* of E. ſtill decreaſing, and the Needle approaching the true 
Meridian, until it coincided with it in the Year 1662, ſince that 
Time the Variation ſtill continues at London to increaſe Weſt- 
erly, at the Rate of about 11 or 12 Minutes every Year; and is, 
at this Time, about 22* 30“ Weſterly, and in the Engliſh Channel 
about 23* 400 Weſterly ; but how far it will go that Way, Time 
and Obſervations will probably be the only Means to diſcover, 
The Variation at Paris in the Year 1640, was 3* E. but in the 
Year 1681 it was 2* 31 W. and is now about 21 20' Weſterly, 
fill continuing to go Weſterly. 

In ſhort, from Obſervations made in different Parts of the 
World, it appears, that in different Places the Variation differs, 
both as to its Quantity and Denomination, it being Eaſt in one 
Place, and Weſt in another; the true Cauſe and Theory of which 
has not yet been diſcovered, and therefore in long Voyages it is ab- 
ſolutely neceſſary that the Mariner ſhould find the Variation of the 
Compaſs by Obſervation as often as poſſible. | EP 
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Of the Log-Line and Half-Minute Glaſs, 
and how to correct the Diſtance given 
by them. | W 


« 


HE Log is a flat Piece of Wood like a Flounder, or of the 
1 Figure of a Quarter of a Circle, having its circular Side 
loaded with Lead ſufficient to make it ſwim upright in the Water. 
To this Log is faſtened a long Line of about 150 Fathoms, called 
the Log-Line, which is divided into certain equal Spaces, called 
Knots, each of which qught to bear the ſame Proportion to a 
Nautical Mile (60 of which make a Degree) that Half a Minute _ 
does to an Hour, that being the Time aliowed for the Experiment, 

They are called Knots, becauſe at the End of each of them there 
is a Piece of Twine with Knots in it, reeved between the Strands 
of the Line; theſe Pieces of Twine ſhew how many Knots run 
out in Half a Minute, and conſequently the Ship's Rate of Sailing 
per Hour. 3 | 3 
Mr. Norwood, and ſeveral other able Mathematicians, have 
found that a Degree of a great Circle upon the Earth contains 
about 307200 Engliſh Feet, therefore a Nautical Mile being the 
Part of 367200 Feet, that is, 6120 Feet, and fince Half a Mi- 
nute is 2 Part of an Hour, the Length af a Knot on the 


Line ought to be the Part of 6120 Feet, or 51 Feet. But 28 
for the moſt Part the Ship's Way is found, by Experience, to be 
really more than that given by the Log, and as it is ſafer to have 
the reckoning before the Ship than after it, therefore 50 Feet 
may be taken as the proper Length of each Knot, and theſe Knots 
ſubdivided into ten Fathoms each of 5 Feet, which is certainly 
the beſt adapted for Practice, and will correſpond with all the 
Tables and Inſtruments uſed in Navigation, as they are decimallß 
divided, and, conſequently. the Ship's Run determined with greater 
Eaſe and Certainty, But ſome experienced Commanders find, 
that the allowing 50 Feet to a Knot, generally makes the Ship 
a-head of the Reckoning ; and, to avoid Danger, moſtly divide the 
Log-Line into Knots of 7 or 74 Fathoms, of 6 Feet each, to 
correſpond with a Glaſs that runs 28 Seconds. Others, again, 
divide the 'Seconds the Glaſs runs by 4, and take the Quotient 
for the Diſtance in Fathoms between the Knots: Which of theſe 
Methods are beſt, I leave to every Captain's own Experience to 
determine; but certain it is, that whatever Length the Knots are, 


" 


the molt convenient Way is to divide them into Tenths. 


266 OF THE LOGLINE 


In hot or dry Weather, the Glaſs runs out faſter than in moiſt 


or rainy Weather; therefore Care ſhould be taken to try what. 


Number of Seconds the Glaſs runs; 


The Length of the Log-Line formerly uſed, was divided into 


| Enots of 4g Feet, which Way of dividing the Line was founded 


on the Suppoſition, that 60 Miles, of about 5000 Engliſh Feet, 
made a Degree; whereas it is abundantly certain, that a Degree 
contains about 73 ſuch Miles. It were therefore to be wiſhed, 
that no Line ſo divided were in Uſe, but very often Cuſtom pre- 
vails over Reaſon ; and although Mariners Cod, by Experience, 
this Length of the Knots to be too ſhort, yet ſome of them, ra- 
ther than quit the old Way, uſe Glaſſes for Half Minute ones 
that run bat 24 or 25 Seconds, which is but correcting one Miſ- 
take by another. | | 
of the Ship, that ſo the Log may be gut of the Ship's Wake when 
it is thrown over- board before they begin to count, leſt the Eddies 


ſhould ſuck the Log after the Ship, and for the more ready Diſco- : 


very of this Point of Commencement, there is commonly faſtened 
at it a Piece of red Rag; that Part of the Line between the red 
Rag and the Log, is called the Stray Line. g 

Ihe Log 151 Log-Line being duly prepared and hove over- 
board from the Poop, or Lee Quarter, and the Line veered out 
(by the Help of a Reel which turns eaſy, and about which it is 
wound) as faſt as the Log will carry it away, or rather as faſt as 
the Ship ſails from it, will ſhew how faſt the Ship has ſailed in the 
given J ime, or Rate of Sailing per Hour. | 


The Experiment for finding the Velocity of the Ship, is called | 


| heaving the Log. 9 7 
Care ſhould be taken to veer out the Line as faſt as the Log 


| takes it, for if the Log is left to turn the Reel of itſelf, the Log 


will come home, and deceive you in the Reckoning: 

In King's Ships, India Ships, and ſome fothers, the Log is hove 
every Hour, but in Coaſters, and thoſe uſing ſhort Voyages, 
every two Hours. 55 | | | 


Here the Ship is ſuppoſed to move with equal Velocity between 


the Times of trying the Experiment. Bur if the Gale has not 
been the ſame during the whole Hour, or Time between heaving 
the Log, or if there have been more fail ſet, or any handed, that 
ſo the Ship has run more or leſs in any Part of the Hour than ſhe 


did at the Time of the Experiment, or if it ſhould fall little or 


more Wind at that Time, there muſt be Allowance made for it 
according to the Diſcretion of the Artiſt : Sometimes too _ = 


— 


The Knots commonly begin to be counted at the Diſtance of 
10, 12, or 15 Fathoms from the Log, according te. the Largencſs 


A 1 


— i... uw. «as « +4 as 


« 
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Ship is before the Wind, and a great Sea ſetting after her, it will 
bring home the Log; ih ſuch Caſes it is cuſtomary to allow one 
Mile in ten, and leis in Proportion if the Sea be not ſo great. _ 
Care ſhould alſo be taken to meaſure the Log - Line pretty often, 
leſt it ſtretch, and deceive you in the Diſtance,  _ 
| The like Regard muſt be had, that the !Half-Minute Glaſs be 
Faſt 30 Seconds, otherwiſe no Account of the Ship's Way can be 
kept; to prove which, if there be no Stop Watch at Hand, let a 
Plummet, of any Form or Weight, be faſtened to a Silk String or 
Thread, with a Loop to hang on a ſmall Pin or Nail faſtened in 
any Place, ſo that the Plummet may ſwing freely; let it be 39+ 
Inches from the End of the Loop to the Middle of the Plummet, 
and the Plummet cauſed to ſwing, each of thoſe Swings will be a 
true Second of Time, always counting every Time. it paſſes the * 
Perpendicular let fall from the Pin, and every Time it paſſes from 
the Perpendicular to the utmoſt Swing will be a Half- ſecond. | 


Q 


Hiw to correct the Diftances ny P the Log-Line and Half- Minute | 

| 1 laſs. | „ 1 
The Diſtance given by the 9 be wrong on three Accounts, +2 
viz. by an Error in the Glaſs, an Error in the Log-Line, or an Error ©. 
in both; for correcting of which take the following Rules; 


LY CAST. 4 

When the Log-Line is truly divided, and the Glaſs is faulty. — 

RuLE. Say, as the Seconds run by the Glaſs ate to 30 Seconds, 3 
ſo is the Diſtance given by the Log to the true Diſtance. +: 


Co ES AMPEE 3. 2 8 S 
Suppoſe a Ship runs at the Rate of 74 Knots in the Time the 
Glaſs runs out, but meaſuring the Glaſs I find it runs 34 Seconds, 

what is the true Rate of Sailing ? 


As 34: 30:: 745 : 6.6 Miles, the true Diſtance ſailed in an Hour. 


ML, KXAMPLE n. h 
Suppoſe a Ship runs at the Rate of 6: Knots, but meaſuring the 

Tn J find it runs only 25 Seconds; required the true Rate of 
ailing .? 


As 25: 30:: 6.5: 7.8 Miles the true Diſtance ſailed in an Hour, 


a 1 CASE II. 
When the Glaſs is true and Log- Line faulty. | | 
RuLE. Say, as 50 Feet is to the Diftance meaſured between 


Knot and Knot, ſo is the Diſtance run by the Log to the true“ 
Diſtance, | | 


"> : 
2 
* 


E X A M- 


* 
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EY CAPs eons 
- Suppoſe a Ship runs at the Rate of 64 in Half a Minute, but 


meafſuring the Space between Knot and Knot, I find it to be 56 


Feet; required the true Rate of Sailing? 


As 50: 56:: 6.25: 7 Miles, the true Diftance failed in an Hour. 


6.84  _ EXAMPLE II. | | 
- Suppoſe a Ship runs at the Rate of 6: Knots in Half a Minute, 
but meaſuring the Space between Knot and Knot, I find it to be 


only 44 Feet; required the true Rate of ſailing ? 


As 50: 44 :: 6.5: 5.72 Miles, the true Diſtance failed in an Hour. 


T CASE UL. 
When both the Log-Line and Glaſs are faulty. | 
Ruze. Multiply thrice the meaſured Length of a Knot by the 


Diſtance run by the Log, the Product divided by 5 Times the 


meaſured Time of the Glaſs, will give the true Diſtance run. 


5 EXAMPLE. + 
_ Suppoſe a Ship runs 5 Knots of a Log-Line of 45 Feet to x 
Knot, while a Glaſs of 25 Seconds is rutining out; what is the 
true Rate of ſailing ? TY | 8 
The meaſured Length of a K not — 45 
Multiplied by — | 3 
Gives thrice the meaſured Length of a Knot 135 
Which multiplied by the Diſtance run per Log 8 


675 95 
0 : | Seconds] Length of n 
:  Jof Glaſs. Knots inFeet. 
And dividing by the Product by 5 Times the 1 
Time the Glaſs runs, that is 5 x 2 2 125, the 247 = 2 
Quotient is 5.4, the Number of Miles the Ship| 2 > 
runs per Hour, i T 49 , | 
his Rule is only a Compound of the two 2 12 8 
former ſimple ones, which is contrded a 78 
little. | : ' 1 x _ : 
When the Glaſs is faulty, the Log-Line|- 31 | 51 8 
may be divided as in the annexed Table, ſhew- 32 "ry 
ing the Length of the Knots of the Log-Line to] 33 | 55 © 
dittecent Glaſl;s, | * 34 | $6 8 
| 30 |: bo 0 


>| 


SS 00 0 © © — A 9 ww, x «© = 


"TT 
The Method of Keeping a Journal at Sea. 


the Ship's Way, that the Maziner may be able at "wy Time 
to aſcertain the Latitude and Longitude the Ship is in; ſt there- 
fore ſhould be the great Concern of every Perſon who takes upon 
him the navigating of Ships to remote Parts, to be expert therein, 
as the Lives and Fortunes of ſo many Men are committed to his 
Charge, SE Fe! = 

When a Ship is bound from one Place to another, which lies ſo 
far from her, that ſhe is obliged to go out of Sight of Land for 
any conſiderable Time, as from England to Jamaica; at the Time 
of her leaving Sight of Land, ſhe is ſaid to take her Departure, 


and that Part of the Land ſhe then leaves, is ſaid to be the Place 
ſhe takes her 9 from; ſuch as the Land's End, Lizard, 


&c. and at the Time of taking ſuch Deparaure, the Captain or 
Mate generally takes the Bearing and Diſtance of that Land (ac- 
renten to his Judgment) and ſets it down on the Logboard, or 
in the Logbook againſt the Time it was taken, thus, Land's End 
N. N. E. Diſt. 7 Leagues, or Lizard N. by W. Dift. 5 Leagues, &c. 

In the ſame Manner may the Departure from any Place be 


taken, as may be ſeen in the firſt Day's Log of the following 


Journal, where the Log- book is marked in Columns for Hours, 
Knots, Fathoms, Courſes, Winds, Leeway, Tranſactions; and 
under. it the Columns for Courſes, Diſtances, Northings or South- 


' ings, Eaſtings or Weſtings, the Latitude by Dead Reckoning, 
Latitude by Obſervation, Metidian Diſtance, Difference of Lon- 


gitude, Longitude in, and in the laſt, Bearing and Diftance of 
the Land. _ : | | 

Notice muſt be taken, that in the Column for Courſe, you are 
always to ſet down the Courſe you have made by your Reckoning 
for that 24 Hours; that is, from the Noon of the Day before to 
the Noon of the Day you work on, the Sea Account being always 


kept from Noon to Noon. 


In the Columns for Diſtance, you are to ſet down the Diſtance 
made by your Reckoning for that 24 Hours. 
In the Columns of Northing and Southing, you are to ſet down 
the Difference of Latitude made in that 24 Hours, marking the 
Column with North, if the Difference of Latitude be North ; and 
South, if South. ; TX : 
In the Column of Eaſting or Weſting, you are to ſet down the 
Departure made that 24 Hours, marking the Column with Eaſt, if 
the Departure be Eaſt, and with Vw it Weſterly, . I 
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In the Column marked Latitude by, D. R. you are to ſet down 
the Latitude you reckon yourſelf in on that Bay; and in the Co- 
lumn marked Lat. by Ob. you are to ſet down the Latitude 
found by Obſervation; alſo the Difference of Longitude made in 
the 24 Hours in the Column marked Diff. Long. the Longitude in, 
in the Column marked Long. in; and in the laſt, the Bearing and 
Diſtance from the Land: 5 8 „ „ 

The Variation, if any, muſt be allowed upon all Courſes 
ſteered, and upon all Bearings that are taken by the Compaſs ; that 
is, if it be Eaſteily Variation, it muſt be allowed to the Right 
Hand, if Weſterly, to the Left of the Courſe or Bearing. Suppoſing 

yourſelf placed in the Centre of the Compaſs, and looking directly 
Bure to the Point you are to allow the Variation upon. 


* * A M r L. . 


b Suppoſe I ſteer S. W. and there is one Point Weſterly Varia- 
tion, then my true Courſe is S. W. by S. or ſuppoſe I ſet a Point of 


Land, and find it to bear by the Compaſs E. S. E. and I know 


there is Half a Point Eaſterly Variation, then the true Bearing is 
8. E. by E. 2 E. | | , 


Leeway muſt be allowed upon all Courſes ſteered, which is the 
Difference between the Point which the Ship endeavours to fail 


upon, and the Point ſhe really fails upon, and is cauſed by the 
Force of the Wind or Surge of the Sea, when ſhe is cloſe hauled 
or plying to Windward, which makes her fall off and glide ſide- 
ways from the Point of the Compaſs ſhe capes at, and muſt be 
allowed to be on the Right Hand of the Courſe ſteered when 
the larboard Tacks are on Board, and to the Left Hand when the 
ſtarboard Tacks are on Board. The Allowances that are gene- 
rally made are as follow : _ „ 


| iſt. When a Ship is cloſe hauled, if all her Sails be ſet, the 
Water ſmooth, and a moderate Gale of Wind, ſhe is then ſuppoſed 
to make little or no Leeway, —» 15 : 
2dly. The Ship being upon a Wind, and the ſmall fails in, 
allow one Point for Leeway. | 1 
3dly. The Wind blowing hard, ſo as to cauſe one Top- ſail to 
be taken in, allow two Points for Leeway. 5 
Athly. When it blows ſo hard that both Top- fails are taken in, 
and the Sea runs high, allow then three Points for Leeway. 
Sthly, The Fore-ſail being furled, and the Ship tries under 2 
Main-fail and Mizen, allow four Points for Leeway ; for ſhe 


then makes her Way about four Points before the Beam, as the 


dea Phraſe is, | | 
| 2 | - . _ 0 


AS + : 
. 8 
44 [OE 
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| Gthly, When the Ship tries under the Main- ſail only, ſhe then 
makes her Way about three Points before the Beam, that is, allow” 
near five Points Leeway. © | „„ 
7thly. If the Ship tries under the Mizen only, her Way is 
about two Points before the Beam; that is, allow ſix Points for 
her Leeway. 5 . | LE, N 
Sthly. When ſhe lies a. Hull, that is, with all her Sails furled, 
her Way is one Point before the Beam, and then ſeven Points is 
her Leeway. | | 15 | 
gthly. When a Ship is lying-to under a Main-ſail, Mizen, &c: 
then obſerve how ſhe comes up and--falls off, and take the Middle 
between the two Points, and from that allow the Leeway and 
Variation. Of 14 | UE 


:, 


Nor. In all Caſes, Reſpect muſt be had to the Smoothneſs of 
the Water, or the Sea's running high, the Mould and Trim of 
the Ship, and then the *Allowances may be rejected with the 
greater Certainty, by ſetting the ' Ship's Wake by a Compaſs .. 
placed on each Rail of the Ship's Quarter, which is uſually ſet / 
there for that Purpoſe. EB 92 
For it is well known, that ſome Ships, with the ſame W . 
of Sail, and with the ſame Gale, will make more or leſs Leeway 
than others; and alſo the ſame Ship, when ſhe is out of her 
Trim, or differently loaded, will make different Leeways ; for it is 
obſervable, that the more Water a Ship draws, the leſs Leeway ſne 
makes; becauſe ſhe then meets with a greater Reſiſtance in ſplitting 
the Water with her Side, than otherwiſe ſhe would. 

The Leeway may be eaſily found by the, Azimuth Compaſs, by 
turning the Inſtrument about until you ſee the Wake of the Ship 
either over the Sights, or parallel to them; then the Point of the 
Card, which is cut by the vertical Line in the Box, which is 
neareſt to you, is the true Courſe ; the Difference between that 
and the Courſe given by the Compaſs in the Bittacle, is the Lee- 
way required, which ought to be accordingly entered upon the 
Log-board. | 5 | Ir OVER 
I bere is another Way of finding the Leeway, by fixing a 
Compaſs cut: in Lead (or in other Metal) on the Poop, or ſome» 
other convenient Part of the Ship's Stern, with the Meridian. pa- 
rallel to the Ship's Side, and in the Centre a Pin is fixed, to which 
is faſtened a ſmall Line of a good Length, with a Piece of Wood 
at the End of it, that it may be dragged after the Ship. The 
Point or Degree cut by this Line will ſhew the Leeway ; if it 
cuts the Meridian the Ship makes no Leeway ; but if it does not, 
the Difference between the Meridian and where it cuts is the. 


Leeway, 
Y 2 | By 
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By ſome of the above Methods, the Leeway (if there be any) 


ought to be carefully obſerved. as often as may be judged neceſ- 
ſary ; and theſe Obſeryations ſhould be punctually Jet down by the 


Officer of the reſpective Watch; at leaft, if no Obſervation be 
made, he ought to ſet down the Leeway according to his Judg 
ment once or twice in the Watch, and by this Means the Courſe 
made good may be found to a much greater Certainty and ExaRt. 


neſs than by the common Method of allowing for Leeway, when 
the Day's Account comes to be worked, (which is generally once 
in 24 Hours:) For an Obſervation muſt certainly be better than 


any Gueſs. Byt if no Obſervation be made, the Perſon who is 
upon Deck, and has the Care of the Watch, is better able to make 
proper Allowances, while Things are freſh in his Memory, and 
while he is an Eye Witneſs of the ſeveral Accidents that happen; 
and certainly much more capable than another who was not upon 
Deck during the whole Watch. „ „% | 

J have often admired to ſee how particularly every Thing is 


ſtated upon the Log-board, excepting the Leeway ; and yet that- 
(which is one of the moſt material Articles, ſince the Courſe, 


according to the Compaſs, myſt be corrected by it) only allowe 
for the next Day, according to every one's Fancy, thereby, as it 
were, keeping as — — Journals as there are Artiſts (ſo 


called) on board the Ship, and yet not one regular Journal pro- 
perly amongſt them all, ſince one of the moſt material Articles 


is only gueſſed at. 
T%-X AMPLE 4 
Suppoſe I ſteer N. E. by E. with my larboard Tacks on board, 


9 
— 885 


and make one Point Leeway, then my Courſe made good is 


E. N. E. / ö 5 a 
Leeway and Variation, when they are both to be allowed one 
Way, that is, both to the Right Hand, or both to the Left, add 
—— er, and allow their Sum the ſame Way they were to be 
allowed. By | | 
But if they are to be allowed, one to the Rightthod, and the 
other to the Left, ſubtract the Leſs from the 


the Remainder the fame Way the Greater was to be allowed, 
Wh OR AMPLE 
. -Suppoſe I Reer N. N. W. with my ſtarboard Tacks on board, 
and make one Point Leeway, there being at the ſame Time Half a 
Point Weſterly Variation; I would know my true Courſe ? 


vs "En 2 £7 : | Leeway 


reater, and allow 


oe -w, „ | % 


rer 
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Leeway to the left Hand VFC 
Variation to ditto ö | Z Point. 
Their Sum to be allowed to the left Hand 13 whence PE 


The true Courſe is N. W. by N. j Ww. 


Suppoſe I ſteer 8. W. by W. with my larboard Tacks on board, 
and make two Points and an half Leeway, and I have one Point 
and a quarter Weſterly Variation, what is my true Courſe ? 


Leeway to the right Hand | 22 Points, 
Variation to the left Hand | 14 Point. 


The Remain, to be allowed to the right Hand 14 whence * 


The true Courſe is W. S. W. 4 Weſterly, 
E X AM FP L E IV. 


Suppoſe a Ship lying-to under a. Main- ſail, with her ſtarboard 
Tacks on board, comes up E. by S. and falls off to N, E. by E. 
there being one Point Weſterly Variation, and ſhe makes 5 Points 
Leeway, what Courſe does ſhe make good? „ 

The Middle between E. by S. and N. E. by E. is E. by N. 
for which allowing 6 Points to the left Hand, the true Courſe 
will be N, by E. | h TE na | 


It is plain, by the preceding Examples, that if the Leeway is 
made towards the Meridian, it is taken from the Courſe ſteered ; 
but when it is made from the Meridian, it muſt add to the Courſe 
ſteered, to find the true Courſe. The ſame may be obſerved of 
the Sum or Difference of the Leeway and Variation, as may be 
ſeen by the following Table, which is here ſet down to exerciſe: 
the young Nayigater in the foregoing Rules. By 15 


* "4 * 7 
? «Sub 
W 1 


43> 1 


5 ö n * 
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45 The TABLE 


„ | Courſes - [Lee- Varia- „ 
| | Broced, + 1 | ae . wo Ro, Courſes corrected. 
* | I __ 0 5 . 
, N. W. 2 W. N. N. E. 23A W. ba W.. 
N | W. „ 8. 67 W. 
Z ß 8 NW. 
. W. „ . 
| VW. by N. N. by W. 14 8, 7 W. 
S8. W. W. N. W. 14 8. 11 W. 
1 — — — — — — — — 
| S. W. S. W. 4 | 14 W. 8 $ Bo 50: 
| 8. 8. W. W.. 1 8. I Be 
+ $S.W N. W. by W.“ 4 S8. 8. W. 1 W. 
ä 8. S. W. | 13 W. by N. 2 W. 
W. by N. N. by W. 1 W. 8. W. W. 
| . 8. 4 W. | 
E. by S. SER" 1-2 | Eby NM. 
E. N. E. N. 14 . No Kr £1 
Ty E. . 3. E. by N. 1 E. 
A E. 8. S. E. ©) E. N. E. 2 E. 
— 1 * — — —— K — 
+ | Oe: E. 8. E. 2 |13 W.] S. by E. 4 E. 
N. E. 2 E. by S. 1 E. 
W. S. W. . 54 S. W. by W. 
W. bx N. S. W. by 8. 1 | W. 3 N. 
NV. V. S. W. |: N. W. 1 W. 
8. el 8. 
N. by E. N. W. by W.| 3 |1 N. N. E. 3 
IN. W. by N.] W. by s. 14 N. 2 W. 
N. W. by W. N. by E 17 N. W. by W. 
W. by S8. [N. W. by N. 14 24 W. 2 8. 


Note. In ſailing in the Channel, or along a Coaſt in a Tide or 


the Courſes and Diſtances in the Table of that Day's Reckoning. 
And where the Setting of the Tide and Drift are not known, 
you muſt attain the Point it muſt ſet upon, both of the Flood 
and Ebb, from the Chart of the Coaſt you are failing along, by 
the Times of High Water at different Places, on the Coaſt, and 
by the Principles of Fluid acting againſt ſuch Rocks, Shoals, 
Sand-Banks, &c. By a ſtrict Regard to theſe, both the Drift and 
Setting of the Tides may be pretty nearly aſcertained and al- 


| 1 5 | lowed tor, — 0 I 
2 5 bh” 8 Currents, 


Current, particular C-re muſt be taken to take its Setting for a 
Courſe, and its Drift for a Diſtance, which muſt be entered among 


4 
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: : Currents, , the Way they ſet you, and the Diſtance you ſuppoſe | 


you are driyen by them, is to be ſet in the Traverſe Table for 
the Day, as any other Courſe and Diſtanſdſe. 5 


E * A N RL 


__ © Suppoſe I try the Current, and find it to ſet W. by N. per 
Compaſs one Mile per Hour, the Variation being one Point 
Eaſterly ; then if I ſail in that Current 24 Hours, I ſet down in 

the Traverſe Table as a Courſe, W. N. W. Diſtance 24 Miles. 
| Heave of the Sea is to be accounted for in the ſame Manner as 
Currents : As, ſuppoſe there is a great Sea heaving towards the 8. 
W. by/my Compals, there being Half a Point Weſterly Variation, 
I then ſet down in my Traverſe Table S. W. by S. half Weſterly, 
with ſo much Diſtance as I judge the Sea has heayed the Ship. 

At leaving the Land, the oppoſite Point to the Bearing, with 
the Variation allowed upon it, and the Diſtance you judge your- 


ſelf from it, muſt be ſet down in the Traverſe Table as a Courſe 
and Diſtance, | i ; 


E X A M r L KE VE 


Suppoſe having one and a quarter Point Weſterly Variation, 
the Start bearing by my Compaſs N. N. E. diſtant four Leagues; 
the oppoſite Point to N. N. E. is S. S. W. which, with the Va- 
riation, makes 8. 3 Weſterly, for the Courſe to be ſet in the 
Traverſe Table diſtant 12 Miles, | 

When you make the Land your Bearing, itſelf (with the Va- 
riation allowed upon it) and the Diſtance you judge yourſelf: from 
it, is to be ſet down in the Traverſe "Table as a Courſe and 
Diſtance. This needs no Example. | 8 85 4 

The Courſes marked on the Log-board are the Courſes ſteered 
by the Compaſs. In order to obtain the true Courſe, it is ne- 
ceſſary to allow both for the Variation of the Compals, and for 
the Leeway upon each Courſe on the Log-board, as has been 
ſhewn, before they are put into the Traverſe Table. C000 

Every Day, at Noon, the Log- board is to be tranſcribed into the 
Log- book, which is ruled exactly like the Log- boar a.. 

Mariners reckon by the civil Account of Time uſed on Shore, | 
but they keep the Reckoning for the Ship's Place, by beginning at 
Noon, and counting from thence 24 Hours, to the next Noon. 
From Noon to Midnight they mark with P. M. ſignifying after 
Mid-day; and the ſecond 12 Hours with A. M. fignifyin after 
Midnight, ending their Day's Work at the Noon of the civil Day. 
Hence their Ship's Account is 12 Hours earlier than their Shore 
Account of Time, And as the Sun's Declination uſed tor finally 


determining 


* 
7 — 
# 
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determining che Sea Place at the End of the bes Day is calcu - 


lated for the Noon of the common Day at London or Greenwich, C 
therefore the Declination for the Noon of the civil Day muſt be 8 
taken for determining the Latitude, &c. at 1 Day's jt 
Account. Thus a Day's Work marked Tueſday, May the 6th, p. 
began on Monday at Noon, and ends on Tueſday Noon, ſo that ce 
the Sun's Declination for the 6th of May, is uſed for the Noon of 5 
Tueſday, and fitted to the Meridian of the Ship according as ſhe is * 
E. or W. of London. | | > | 20 
There are various Methods of keeping a Sea Journal, according ye 
to the Sentiments of various Perſons with Regard to what deſerves tu 
| being recorded: Some approve of a Journal including the Log. hi 
| book, each Day's Work at ſome Length, and ſuch Oecurences as ſu 
ſeem of moſt Importance; while others prefer a ſhort Abſtrack + ot 
of this long Journal, containing little more than the Courſe run, ſt; 
the Latitude and Longitude in, and ſometimes the Bearing and ex 
Diftance of the intended Port for each Day. | F, 
In the following, Journal the long Form is uſed as repreſenting 
more fully each Day's Work, and the neceſſary Corrections; 
Ind an Abſtract of this may be drawn out in the ſhorteſt Form 
that feems conſiſtent with Piſtinneſs. 'The Learner ought to 
be thoroughly acquainted with the long Form, and when he does D: 
that, he may either continue it, or take the ſhorteſt Form; or M 
retrenching from the firſt, and adding to the ſecond, what Parti- in 
culars he thinks proper, and thereby make out a Form adapted 
to his on particular Taſte. : P | 
; Wh 7 — * . — 5 _ - 8 — 
Rules for correcting the Dead Reckoning 
c by an Obſervation. 
\ T Otwithſtanding the Rules already laid down for keeping a 
Ship's Way at Sea, yet by Reaſpn of the ſeveral Accidents 
that may attend a Ship in one Day's Run, ſuch as ſwelling Seas, 
different Rates of failing between the Times of heaving the Logs, 
Want of Care at the Helm in letting the Ship yaw or fall off, 
accidental Currents, ſudden Squalls, when no Account can be ] 
- kept, &c, the Latitude by Account and Latitude by Obſervation Lat 


map very often differ, then it is neceſſary that proper Corrections 
be made in the Difference of Longitude. + i 

When you have made all proper Allowances you can, ſuch as 

for Leeway, Variation, Currents, &c. and till find that your 

Latitude by Account will not agree with your Latitude by Ob- 


Silt 
IS 


| ſervation, then you muſt correct as follows; 


„ * 4 
* 


Firſt. Conſider whether you have made proper Allowances for 
Currents, Heave of the Sea, if the Courſe at the Helm has been 
carefully attended to, if the Log- line and Half-minute Glaſs be 
juſt, and the Log properly hove, or any ſudden Squalls, or 


proper Allowances made for the Lee-way, &c. which of theſe you 


conjecture your Error is in; make what Allowances you think 
meet to your Difference of Latitude and Departure by Dead Rec- 
koning, and ſee if that will reform your Latitude by Account, ſo 
as to make it agree with your Latitude by Obſervation; if it does, 


you have gueſſed right; (for you muſt always keep to the Lati- 


tude by Obſervation, it being the only Thing to be depended on) ; 
but if it will not agree with the obſerved Latitude, it is to be 


ſuppoſed that there are Miſtakes in your Conjecture, or ſome 


other Cauſe which produces the Error in the Reckoning, and 


ſtands in need of being corrected. In this Caſe, you are firſt to 


examine your Log-line and Half-minute Glaſs, and if there be an 
Error in them, allow for it, as in the following Example. 


EFXAMPLE. 1 


Yeſterday, at ki we were in Lat. 48* 200 N. and till this 


Day at Noon we have ſailed 8. S8. W. 48 Miles, S. W. by S. 36 
Miles, N. E. 24 Miles, and find by a good Obſervation that we are 
in Lat. 47 140 N. 


TRAVERSE ( 


Courſes. Diſt.] N. 8 | E W. 
8. 8. W. 48 444 18.4 ; 
S.W.byS.| 36 29.9 | 20.0 
N. E. 24 | 17.0- 17.0 
| 17-0 | 74.3 | 384 | 
| 17.0 17.0 
Tee: EH CLE 


By the Traverſe Table it appears, that by Account the Diff. of 
Lat. is 57.3 S. and the Departure 21.4 W. 


Now the Lat. left was 48* 200 N. 
Diff. of Lat. by Account O 578. 
Latitude in by Account | 4 23 


Differing 9 Miles from the true Latituge by Obſervation. 
%. 1 2 3 W herefore 


41 2 
* 1 
1 3 2 . : 4 : 4 
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| ; Wherefore I examine the Log-line and Half-minute Glaſs, 


and find that the former meaſures 52 Feet between Knot and Knot, 
and that the latter runs only 27 Seconds. Now as the Log - line 
and Half-minute Glaſs are both faulty, I correct my Difference 
of Latitude and Departure as in Caſe III. (Page 168) and find 
my _ Difference of Latitude 66.2 S. and my Departure 
24.7 W. | 


Now from Latitude left 48* 20'N, 
Take Diff. corrected for Error in Diſt. 1 68. 
+. Lat. in, corrected for the Error in Diſt. 47 14N, 


Agreeing exactly with my Latitude by Obſervation: I therefore 
conclude my Reckoning ſufficiently correct. Then with the Dif- 
ference of Latitude 66.2, and Departure 24.7, #ogether with 
| Yeſterday's Latitude, I find the Difference of | orfude either 
by Middle Latitude or Mercator's Sailing. Ee 

In the laſt Example 57.3 and 21,4, multiplied ſeverally by 156, 


* 


thrice the meaſured Length of a Knot, and divide the two Pro- 


ducts by 135, five Times the meaſured Time of the Glaſs, will 
ive the Difference of Latitude 66.2, and Dep. 24.7, which is the 
me Thing as if every Courſe had been corrected ſeparately. 


E X AMP L E II. 


Veſterday, at Noon, we were in Lat, os: 15 N. and have failed 
theſe 24 Hours S. E. Z E. 55 Miles, N. E. 


this Day at Noon ve are in Lat. 34 50 N. 


TRAVERSE TABLE. 
[Comes Dit N. 5. E. W. 


E. 1 E 5 34.9428 
by N.] 20 16.6 11.1 
| S. W. 70 N ; 
4 1S.byWiW; 20 -19.1 | 5.8 


—— — KS — — 


— 
=* 


| y N. 20 Miles, W. 
S. W. 70 Miles, S. by W. 5 W. 20 Miles, and by Obſervation 


= 
me + wk, om a_ 


av wv ai wds QA _VX"-© 


Correct for Cur. 78.8 8. 25.6 Lat. in correct for Cur. 34 56 


* Which, puny with my Latſtude by Obſervation;' I conclude 


Middle Latitude.or Mercator's Sailing 


- 2 * 3 * * — 2 4 1 * ” 
2 9 n Oats Y Trans fy * 
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By the Traverſe Table it appears that by Account the D if, of | | | 


* 


Lat. is 64.2 S. and the Departure 16.9 W. 


Latitude ſailed from 306 15 N. 
Difference of Latitude by Account . 
Latitude in by Account : 35 V. 


Differing 15 Miles from the Latitude by Obſervation. 


I now examine the Log- line and Half- minute Glaſs, and find 
them both right. Next 1 conſider whether there be any Current, 
and I think I have Reaſon to ſuſpect one: Upon Trial I find there 
1 V. 3 W. at the Rate of 7 Fathoms an Hour, 
n i ir theſe 24 Hours. Then 7 Fathoms (or 
per Hour, in 24 Hours, makes about 17 Miles; 
Miles, and Courſe S. S, W. 3 W. the Diff. of 


Diff. Lat. Dep. 7 | 


Now by Tra. Table 64.28, 16.9W. Latitude failed from 36⸗ 19N, 


And by Current 14.68. 8.7 W. Diff. of Lat corforCur,.'z 198. 


——u— „ —— — — 


4; 


that my Reckoning is 75 3 then having the Latitude left, and 
Latitude come to, the Difference of Longitude may be found either 
by Middle Latitude or Mercator's Sailing as before. lo, 

If after all proper Allowances are made for Errors in Diſtance, 
Currents, &c. the Latitude by Account and obſerved Latitude 
ſhould diſagree, then the Reckoning muſt yet be farther corrected; 
to do which, the following are the common, and ſeem to be the moſt 
rational Methods, FOO x TE Ho FU Sp 


ASSL 
if the Courſe found by Dead Reckoning be leſs than 3 Points or 33 
. Degrees. | 
RuLe. To the Difference of Latitude and Departure by Ac- 


count find a Courſe ; to this Courſe and the Difference of Lati= 
tude by Obſervation, find the Difference of Longitude, either by 


Z 2 xX A M. 
5 * 
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rr 
Veſterday, at e we were * 2 o 18/ N. 5 n Obſer⸗ 


vation, this Noon we are in Lat. 3 and our Dead Reck- 
oning gives 107 Miles of Southing, 7 18 of Wig 4 ; required 
the true Difference of Longitude * 

. Teo the Difference of Latitude 107, and Departure 64, 1 find 
the Courſe 23 Points; then with Meridional Differenee of Lati- 
tude between the two Obſervations 115, and the ſame n, I 
find the true Difference of Longitude 9 Miles. 


+ "op ; 

8 ; 

1 N G 
Ad do 


e 
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7 the Courſe found by Dead Reckoning be more than 3 Points or 35) a 


and leſs than 5 Points, or 56*. 
>RuLe: 1 With the Diff. of Lat. and Dep. by ; - * find the 
Diſtance ; ; with this Diſtance, and the Diff. of Lat, by Obſerva- 
tion, find another Departure. Take half the Sum f this Dep. 
and Dep. by Account, for the true Dep. with which and the Diff, 
of Lat. Ay Obſervation, find the Diff. of * ä 


IS EXAMPLE. 


Yeſterday, at Noon, we were in Lat. 52* 400 N. and are this 
Noon in Lat. 54* 22' N. having by Account made 84 Miles of 


Northing, and 76 Miles of Weſting; required the true Diff. of 
| Longitude ?. 


To the Diff. of Lat. 84, and Dep. 76, the Diſtance is 113 


Miles, and the Courſe 42% _ 
\ ToDift. 113, and Dif. of Lat. between the two Obſervations 


102, the Dep. is 47.7 ; then 76 added to 47.7, is 123.7, half of 
which is 61.8, the true Dep. 


To- Dep. 61.8, and Diff. of Lat. _ by Obſervation 102, the 


Courſe is 315, and with the Courſe 21?, nd the Meridional Diff. 
of Lat. between the two Obſervations i, I find the Diff, of 
Long. is 103 Miles. | 


* 


b 4 4 * 


If the Courſe by Dead Reckoning be more 1 5 Points, or 56˙. 

- RULE. With the Diff. of Lat. and Departure by F. count 
find: the Diftance ; then with this Diſt. and Diff. of Lat. by Ob- 
* find the Diff. of Long. 


2 E X A M. 


wal A 


4 
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Yeſterday at Noon we were in Lat. 38 52 N. ta-day at Noon 
we are in 5 40? 18/N. and by Account have made 68 Miles of 
Northing, and 112 Miles of Weſting; required the true Diffe- 
rence of Longitul e??? | b 
With the Dif of Lat. 68, and Depar. 112, I find the Diſ. 132 
Miles, and to Diſtance 132, and Diff. of Lat. by Obſervation 
86, the Courſe 49? 30/ nearly; with this Courſe, and the Me- 
ridional Diff, of Lat. between the two Obſervations 111, the 
Dif. of Long, is 130 Miles. „ | | 
The Reaſon of the above Rules is plain, if we. conſider, that 
when a Ship ſails near the Meridian, it will require a ſenſible Er- 
ror in the Courſe to make any conſiderable Error in the Difference 
of Latitude ; which can hardly happen if proper Care is taken at 
the Helm; and therefore it is moſt likely, that the Error is in the 
Diſtance run; but when the Courſe is near the Middle of the 
Quadrant, or between 3 and 5 Points from the Meridian, it is 
then probable the Error may be in both the Courſe and Diſtance; 
and when the Courſe is more than five Points from the Meridian, 
it is then moſt likely the Error is in the Courſe, as it will require 


a great Error in the Niſtance to make 'any conſiderable one in 
the Difference of Latitude. ” - 


Nor. As the true Place of a Ship depends upon her. Los 
and Long. being truly aſcertained, I have ſet theſe down only, the _ 
reſt being of leſs Conſequence to the Mariner. 


To correct for ſeveral Days. 


By help of the three preceding Rules, the Long. may al- 
ways be corrected for a ſingle Day, but if an Obſervation has been 
wanted for one or more Days, then mark the. Lat. and Long. at 
laſt Obſervation, or if this be your firſt Obſervation ſince leaving 
the Land, mark the Lat. and Long. of the Land you left; this is 
the only Lat. and Long. you can call certain, all the following 
Part of the reckoning muſt undergo a Correction, which is made 
as follows: 

Take the Northings, Southings, Eaſtings, and Weſtings, that 
you have made ſince your laſt Obſervation; or if it be your firſt 
Obtervation, then for every Day from your lea ing the Land, 
minding not to leave out the Dif. of Lat. and Dep. of the Da 
you correct on, and bring them into a Traverſe Table, by which 
you will have the whole Diff. of Lat. and Dep. by Account ſince 
the laſt Obſervation z and with that ſame Diff. of Lat. and Dep. 
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foregoing Caſes that Courſe falls under, and correct by the Rule 


veral Days, then mark the Latitude and Longitude you were ip 
at your Jaſt Obſervation, or leaving the Land as before, and then 

ou may correct with a greater Degree of certainty ; eſpecially in 
High Latitudes, by the following Rules: 1 f 


r 


EKNeckoning from the laſt certain Latitude and Longitude. 

Wen the Courſe given by the Meridional Dif of Lat. and 
Diff. of Long. by Account taken as Diff. of Lat. and Dep. is 
leis than 3 Points, or 33 Degrees. 


Rog. To the Mer. Diff. of Lat. and Diff. of Long. by Ac- 

count (taken as Diff. of Lat. and Dep. as ſhewn in the Merca- 
tor's Sailing) find a Courſe, with this Courſe and the Merid. Diff, 
of Lat. by e find a correſponding Dep. which will be 
the correct Diff. of Long. ” a 1 


— 


ur LE L. 
© Having failed three Days ago from Lat. 40 5% N. and got no 
Obſervation till this Day at Noon, and find I am in Lat. 45 23 
N. and by Dead Reckoning I am in 45 12/N. having differed my 
Long. 173 Miles, required my true Difference of Longitude? 
4 1 _ Parts 1 53 5 RN NM. Parts. 
. failed from 49 597 N. 3470 Lat. failed from 49 57 3470 
Lat. by Account 45 12 N. 3047 Lat. by Obſer. = of | 


To Merid. Diff. of Lat. by Acc. 423, and Diff. of Long. by 
Acc. 173, the Courſe is 22 15/. Then with the Courſe 22” 15), 
and Meridional Diff. of Lat. between the Obſervations 407, IL find 

the Diff, of Long. is 167 Miles, © 


CASE 


find the Courſe by dead Reckoning, then obſerve which of the - * 


for that Caſe. But when an Obſervation has been wanting for ſe- 
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Ca Se meer 


When the Courſe given by the Meridional Diff. of Lat. and 


DME. of Long. by Acc. (bon as * is greater chan 3 N 
and leſs than 5 Points. 


Rur E. To the Merid. Diff of Lat. and Diff. of 1 
Account, taken as Diff. of Lat. and Dep. find a Diſtance; with 
this Diſtance, and Merid. Diff, of Lat. by Obſervation, find a 
correſponding Departure; ; Half the Sum of this Dep. and the 
Dift, of Long. by ACC. is the correct Diff, of T | 


2 % : Y 

bo 92 8 

E X A M P * E II 1 
. 0 8 8 * 

* 1 


Three Days ago we were in Lat. 45 2 3 N. and have ſince that 
Time ſailed between South and Weſt, have 22 ead Reckoning 
altered our Lat. 94 Miles, and our Long. 147 Miles; but by ae 


Obſervation this Day, we. find we are in Lat. 43 34'; required 
the correct Diff, of Long. 


\ M. Parts. M. Par" 
Lat, failed from 45 23/N. 3063 Lat. failed from 45 23 3063 
Lat. '7 8 43 49 N. 2931 Lat. Hs Ob: „ —_ Þ | 


OY 
With the Merid. Dif. of Lat. by Acc. 1 32, and DiF. of Long. EM 
by Acc. 147, I find the Diſtance 198, and Courſe 48%. Then to 8 
Diſtance 198, and Merid. Diff. of Lat. by Obſervation 153, the £ 
5 


Dep, is 125; now 125 added to 147 is 85 and 1 this Su 
viz. 136, is the correct Diff. of 38 ; $4 


ws 


. Ik 


2. 


2 E III. * 4 1 


When the Courſe cen by the Mer. Dit. of Lat. and Di 


Long. by Acc. (taken as before) is more chan 5 * or 7580 2 4 
Degrees. BE 


BE 
RULE, Ta the Merid. Diff 4 "4 and Diff. of Les 17 1-1 
Acc. (taken as Diff. of Lat. and Dep.) find a Diſtance, - 4 
To this Diſtance and Merid. DiR. of Lat. by Obſervation 
og a correſponding Dep, this Dep. will be the correct Diff. of 


wo 


1 
1 32 


PI be leſs than that given by the Log. 


4 2, * 82 8 * 8 — = * A 6 2 ** * * * . * 1 N * 
* atk R * e * D 
ä WASTES nn fees 2 . 1 5 
a — - * a . - 
1 N . * 5 \ = * 
— : 3 


un RULES FOR CORRECTING 
Yo x TP? LE) . 


Two Days ago I was in Lat. 43* 34/N. and have ſince then 
made by Acc, 50 Miles of Southing, and 256 Miles Diff. of 
Long. Weſt, but find by Obſervation, that I am in 42? 3o'N, 
what is my true Diff. of Long. 3 > 


14 3 M. Parts. . MN. Parts. 
Lat. failed from 43 34/N. 2910 Lat. ſailed from 43 34 2910 


Lat. by Acc. 42 44 N. 284: Lat. by Obſer. 42 30 2822 


Merid. Diff. of Lat. by Acc. 69 Mer. Diff. of Lat. by Obſer. 88 
Then to Merid. Diff. of Lat. by Acc. 69, and Diff. of Long. 
by Acc. 256 (taken as Diff. of Lat. and Dep.) the Diſtance is 
265, and Courſe 75 Degrees. 3 
And to Diſtance 265, and Diff. of Lat. 88 (the Merid. Diff. of 
Lat. by Obſervation) the Dep. is 250, which is the correct Diff, 
of Long. 5 | | ET To 
Here we have en at ſome Length the different Methods of 
correcting the dea rarer by an Obſervation, which are rea- 
dily done by the Table of Diff. of Lat. and Dep. 


The Ship's Way is generally wee than the Diftance given 


by the Log, and it is always ſafeſt to have the Reckoning a-head 
of the Ship, that the Mariner may be looking out for Land, and 
not make it before he 1s aware of it. | 
When a great Sea ſets after the Ship it is common to allow one 
Mile over for every ten given by the Log for the Heave of the 
Sea; but if the Sea be againſt or athwart her, her Diſtance muſt 
The Error in the Ship's Reckoning is frequently attributed to 
unknown Currents, for by various Cauſes yet undetermined, there 
are many counter Motions of the Water in the open Seas, as well 
as thoſe obſerved near the Shores, where the Motions may be to- 
lerably well accounted for. Some of the obſerved Currents in the 
| great Seas may perhaps be owing to the Tides following the Moon, 
and to the libratory Motion the Waters may have thereby, and 
the unſettled Setting and Drift of theſe Currents, may poſſibly 
depend on the Change in the Moon's Declination. However it 
is well known from Obſervations, that the Trade Winds occaſion 


a conſiderable Current within their Limits, particularly within the 
Torrid Zone, where the Motion is perpetually towards the Weſt, 


at the Rate of 8 or 10 Miles a Day, but at the Extremities of the 
Trade Winds, or ncar the Latitudes of 30* N. or S. it is Hy 
| that 
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. Mariner is dubious of his Account of Longitude, hne 
erally runs into the Latitude of the intended Port, and ten 
ails E. or W. (if there be Sea Room) according as it is ſituated, 
and keeps a good look out for the Land. 4 on 
The Method I have choſen to introduce the young Mariner intoo - 


F 


the moſt capital Part of Navigation is, by ſhewing him firſt how to 
work a few ſeparate Day's Work independent of each other, and 
then proceed to a continual; Journal from London to Madeira, and” 
back again to England, in which will be inſerted moſt of the O- 
curcences that nod e at Sea or in Harbour.. 
J have ſeen many young Navigators who have been taught the 
Principles of Navigation on Shore, very deficient in keeping*© | 
a Journal at Sea; and, therefore, muſt requeſt the Teacher not td 
omit putting the Pupils over the following Journal, which will: : 
render them ready at Working a Day's Work at Sea, and contm 
in their Memory thoſe Rules they have been or. 
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186 RU LES FOR KEE PING A JOURNAL: 


e EX AMF L. E FC 
Yeſterday Noon we were in the Latitude of 46 28/ N. Longitude 22* 18 w. 
aud have ſailed till this Day Noon, as by the Log- board, the Tide having all 
the Time ſet S. by E. 2: Miles per Hour: Required the Ship's Place, and the 

direct Courſe and Diſtance made good? - & „„ 


o 4 ( 


. Travers Table. 
Courſes.”{Diſt.| N 8. E. W. 
N. N. E. r. N. N. E. 31 28.6 : * 11.0 
1 13.44. 32.3 
3 
. 


5 Los- BoaR D. 


—— —ñ—— 


ourſes: Winde. Lee way. 


TE 


| 
| >| 


— — — — 
4 * * = 


5 68.8 | 


1197 


| 1 16 5 ; T7 ; 42.0- T 112.9 
; 42.0 


I ct, D. Lat. | 70.9 oy ear 
Fo arts Wine 4:« MD —46* 28N. M. Par. 3136 
N. [a Dep. Lat.—46* 28 NM. M. Par. 315 
K 1 Diff. Lat. — ae "I 

I Preſ. Lat.—45 17 N. M. Par. 23054 


110. Pep 


4 


— © aw Own > ww 


I 
hy | wy 
— 


. 
— d 


Sum Lat.—91 45 Mer. D. Lat. = 102 
Mid. Lat. — 45.52 | 
Co. Mid. Lat.44.08 
Dep. Long,—22.18W. 
Diff. of Long. 2.39 E. or 2 40 

Preſ. Long. —. 19.30 W. 


Direct Rp =S. 55 51 = 
Diſtan 31 Miſes. 
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apptars that the 
ral Courſps from 
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The Courſes and Winds on the Log-board bei xX Winedy 
Ship goes large, and has no Pee-way; e the ſeVeral 
he Log - board are entered in the Tr averst Thy ik without A keration. 
he Fathoms and Knots belonging to eac ure areMmmed up, and the 
Mult⸗ are- put in the Column of Diſtances Ne Traverſe. Table; and to 
cheſe Courſes and Diſtances, the whole Differè e of Latitude and Departure 
ares ted. Ear l EY 
Then having the Latitude left, and the Latitude come to ; find the Complement 
of Middle Latitude, and with that, and the. Departure, find the Courſe, &c. 


dy Middle Latitude os : EE 5 
Or with the Meridional Difference of Latitude Ky the Courſe and Difference of 
* s. 


Longitude, by Mercator's Sailing. mY | ; 
Narz. When the odd Fathoms are abov tive, we allow one Knot, but if under 
EXA M. 


five, nothing is allowed. "x 
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RULES P FOR KEEPING A JOURNAL. | 


wind . | E xXx A N PL E ©. 12785 
U. 5 8 + 
ll Being ny "Noon in Latode 25 300 8. er 4. 6850 102 E. 
* wie have Lallel till this Day Noon, as per Log-board, in z Current Bo 


ting South 25 Miles ay Hour, the Variation 12 Point Welt N 
_ - the Ship's Place ? 8 | e 


CY 


. P 3 

a Ll 
= 

i L . = 

l * * 3 
7 4 * * 5 

. 85 1 * * * 9 
32 n 8 _ g bes 1. 44a 
— * 2 * MEL. 2 5 1 af _— 5 
FR.” * * 7 D 1 * * as = 1 ” . 


1 | | 7 1 Travensr Tanks. * 
HK. F.) C S Winds. L. W ay Co Tries, | Diſt, N. - 
ef cs. W. [W.N.W.| x [[$.byw.:w.| 3o | 28.7 
2] 60 20 433 S8. by E. 2 E. 32 30.6 9. 
3] © 4] | S. E. 30 29.9 2 
46 0 ' 3 89 18.4 
31 3] 3 | S. by E. 2 E.] 60 374/17: 
AIS To | Diff. Pat. x65.0764.c 
8 5 4 1 — | : * 
9 5] 2 | | 
10 5 3 e 
11 5| of Diff. Lat. — 25 ITT, TERA | 
1 5 * S. W. W. k Dep. Lit, r= ty. 22 Mer. Parts 1883 
| 5 FOE: — — bh 
21510 £  [|Preſ. Lat. — 28 1 58. Mer. Partz 1268 1 
415] © | Sum Lat. — 63 45 M. Dir Lat. 185 144 
116 T4 1 — — 
b 5 28. E. by 8. S. W. bys. 1 ; Mid. Lat. — 26 52 9 N 1 
7151644 | —— | 
9 5] 4 Co. M. Lat. 63 og 
10 6 o 5 Long. left — 10 10 15 E. s 
Dy” in 5 4] b : Diff. Long.— I o2 E. Or 1 * on! R 
12 N | 8 
the Pg | Preſ. Long.—11 17 E. 
bn Þþ Courſe is S. 18 3oE. + 
* | , Diſtance 174 a 


tore Ide Courſes and Winds on the 1 being 8 it appears that the 
Ship is cloſe hauled on each Tack, and one Point Lee-way being allowed, 
nent reduces the Courſes to S. W. by 8, S. by W, S. E, and taking a Courſe for 3 


Kc, the Current S. theſe ſeveral Courſes being corrected by the Variation 1* | 
| Point Weſt, give thoſe in the Traverſe Table; to which the whole WI of + 
«of Latitude and Departure is to he found as above. . 


„ 


nder WM And hence the preſent Latitude and Longitude may "= found, either by Middle 


Latitude or Mercator's Sailing ; for as the Ship Is near the Equator, the Di. 
M- ference will be almott inſenſil e. 3 
„ LX AM. 


165 RULES FOR KEEPING A 10 | RN; AL. 

EXAMPLE III. | 
Yeſterday Noon we were in Latitude g3* 400 N. Lpogitada! 165 200 wel, 
the Sun was obſerved to ſet 300 18/ from the North Point of the Compaſs; 
woe have ſailed till this Day Noon, as per Log-board; in a Current ſetting 


W. S. W. 13 Mile an Hour: Required the Ship's Place, and her Coutle M 
And Diſtance to the Weſt End of the Iſland of Madeira? 1 
by 7 —LOG-BOARD. | | Traverse TABLE. » 
Tf Courſes. eee ee Courſes. Diſt. N. 1] $f Ee. TW; 
' | 116 i2 5 by w. W. o Ws o1%E, 40 : 40.0 | 0.7 
5 296 © | ol N 70 l r 
1 3 3 TY * 5. 44 W. 588 [41.7 | 4% : 
147 i | g Se. 55 W. 36 0d 1: 9 | 1 
LR 1 | DANS > WHOS # 
187 B I} [Diff. Lat. 171.2 o. 7 82. o 
1477 2 W. byS W. bd 2:4 | * "of 
487 |2 | "oh © 
1-99-14 |. [Dep. 91.3 
2 61) | Before the Courſes can ® corrected to put 
"217 4 into the Traverſe Table, the Variation 
5 3 of the Compaſs muſt be found from the 
3 | | Sun's true Amplitude. 
l 4 4 33 | 4 bar oy 4-1 E 20 30 N. ö 8 | 
, As Ccſ. Rad. :: Sin. 225 30): Sin. I; 
: $.1S.WbyW N. W. yo 275 2 af x N I 
1 ad S8 |S that the true Amplitude = 62 387 w. I 
| : Mag. as; bi 50 18 W. 
v7 Variation = 20 W, 
* rne Courſes on the Log- board helng cor- 
. | rected by this Variation and the Lee- way, 
3 | : | | Will give the Courſes fitted for the Tra- 
Ms J ! ͤ Table, E 
=: 25 L — 335 40 N. Madeira's Lat.— 32526 N. 1 Parts 2058 
x Lats, — 2 $18. ||Pref, Lat. — 30 N, 1945 
] | paige 30 49 9 5 
Preſ. Lat. 30 Diff. Lat. — 132 3 
Pr 39 49N Sum Lat. — 63 15 


8 Sum Lat, — 64 29 Mid. Lat. — 31 3 
. Mid. Lat. — 32 14 Co. Mid, Lat. — 58 23 
=» 5 * Co. Mid. N — 57 40 N. — — 
|  ——— MMadeira's Long, 17 21 W. 
"Dep Gor, — 16% 2/W.,|Preſ. Long. — 17 — 55 My. 
Diff. Long. 1 36 W. Diff. Long. — 8 35 * 
B Ren. he C , ; I 
„ — 15 owl OT ts 5 E Diane 5 
* 3 5 e Work for the Amplitude, the Latitude at Sun-ſet was taken the ſame as 
Noon; for although there were about 46 Miles of Southing inthat Time, 
and fo the Latitude, at Sun-ſet, was about 32 c4/, yet the Amplitude bein 
only about 15/ leſs, the Alteration in Variation would ſcarcely affect the Dit- 
He > om of Latitude and Departure found from the Courſes ſo enge 


-- 
* 


x age 


Log- 


Hour, ; 
the Iſland of St. Helena? 52 8 "l 
3 ä | 8 | 1 2 
h ES avensn Tone. ; «4 
| þ 2 | Lee- [ Courſes. +jDiſt.| N. 8. E. 47 
H. K. F. Courſes Winds. way! — — | I 
Fe gets — — N. 13 > 38 36.9 
11.6] 71 E.byN| | N. 24 45 W. 38 34.5 
206 | N.47 15 W. 76 | 51.7 
| 3] 6 N. 81 o W. 142 Kg 
4 6 | y 8 
5 6 125. 0 bs 7 
6] 6 D. Lat. 
7 5 E. N. E. i F 
8| 5| ER | | 5 | 
19 5 | i 909 of gos 9 0". 
| j1o| 5| Declin.— 17 ho Lat. 19 30% Alt. 1048 _ 3 
Il 5 | 0 | 1 
| 8 D. from thePole 107 27 C. Lat. 70 30 C. Alt. 79 20 1 
. 12. 5 — — — . Lat. 70 % 
a 15 The Half Sum 128 38 Sun's D. 10727 
2 6 W N. E. Diſt. — 107 27 —— 2 
| 6 * | — Sum 2 LE 
: ; Remainder 21 11 — 
5 47 | — —— Half Sum 128 38 
A 2 7 — 
3 7 I The Arith, Co. S. Co. Lat. 709 3 o. o 56s . 
77 The Arith. Co. S. Co. Alt. 79 20 o FF ‚ 
8 8| 71 The Log. of Half Sum 128 38 9.89 % © 
5 of 71 2 2 | The Log. of the Rem. 21 it 9058793 1 
_ 10 5 e | 15 
7 rr] 6 3 | 2) 19-43389 , | 
; E, . 0 . - — , : | * — 
121 6 3 n Ds The Sine Co. of Half the Az. 560 30 9.74194 7 5 "2 | 
8 Being doubled g 1430 the Sun's Azimuth from the +. ] 
South, and ſabtratted from rd e, gives 670, the Ar- bo. 
muth from the North, 
From the Magnetic Azimuth 802 30'N. 
Take ihe true Azimuth 67 N. 
es. "41 The Variation 3 13 30 C. 
as 41 
ne, 5 
in For 
F 5 . ; 
M- 
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For the Sure s Place. || For the Bearing & Piſt. of St. Helena. 
Dep. Lat. —— 19% 30/S.\\St. Helena's Lat. —16* o'S. ee Pts 97 
Diff, Lat. , 2 FN. Preſ. Lat. — 2 2 100 

4 * 6 3 | — 
5 Pref, Lat. — 17 25 8. Diff. of Lat. — 15 r 88 
3 ; Som 1 5 ©» PW l 36 58 Sum Lat. — '33 25 
Mid. Lot — 18 27 Mid. Lat. — 16 42 
Co. Mid. Lat. 1 33 Co. Mid. Lat. — 23 18 - 

ep. Lat. — © 10 E. St. Helena's Long. CW, | 

1 Long. — 1 36 W. Preſ. Long. «nw. 26 W. f 
E- a Preſ. Long. — 1 26. Diff. Long. - 4-2; 272267 Miles. 
3 5 | EC 9 Courſe N. 71 550 U 30 W. Diſtance 270 Miles. 


Hire: the Azimuth is inked with Yeſterday's Latitude; but had it been 


3 worked. with this Day's, the Variation would have Wenn 130 3e the Dat. Lat. 
| - 226 M. and the Dep. go M. | 


In the following Journal are exemplified the Manner of Stewie: for the 
# Hr Leeway, Lying-to, Calms, Currents, Heave of the Sea, &c. and to 
8 the Dead Reckoning by an Obſervation in all Caſes, with moſt of the 
8 3 that commonly happen at Sea. 


iN 

„ — 

5 

> 
: 


A 
JOURNAL of a VOYAGE 
FROM 


LONDON to MADETRA, 


in the Navy, of Loxpox, A. B. Commander, kept by 
T. . K, Mate. 


| 5 re taken from the Liz. in Lat. 405 57 N. Long. 5 14 W. 
Bound or Funchal, in Madeira, in Lat. 32 38 N. Long. 17 6 W. 
Bearing from the Lizard Point S. 275 1 W. it. 11 186 Miles. 


. Wedneſday 


Fri 


Birr mmynforonece 
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A JOURNAL OF A vOYKOE FROM 1 LONDON &c. of 


At 5 A. M the Pilot came on Beard ; "then weighed and faile 
meg from Tower Wharf. At 11 came to A. ihe” en Neuer 
p23” | Blackwall. Wind S. S. W. 7 1 3 

Thurſda Freſh Gales and cloudy Nr with Rain 7 | my a... 
5 th. Y lAts A. M. weighed and failed ;; and at ꝙ came 1 , 
* raveſend, and cleared Ship. Wind from S. 8. W. to N. N. W. 
e Ar P. M. weighed and failed, moderate Weather at 
I with, che Beſt Bower at the Nore in 91 Fathoms, freſh Gale 
Friday 25th.t* at 4 A. M. weighed and ſailed at I i came to Ani or have the 
I - Downs in 7 Fathoms, Deal Caſtle | DO W. 2 {z > "RE 
Miles. Wind W. by 8. | 8 

3 I At 1 P. NM. ſent the Pilot. on Shore: P N 8 
Sar Ly and mitidle Parts moderate and fair, the latter Part reg . e 

. . and cloud. 1 ä 
| Strong Gales — Toady: At 2 P. NM. vecred ont the Long Ter 

Sunday, vice of the Beſt Bower, got Top-gallant Yards down. At 

27th. P. M. ſtruck Yards and Top-maffs. Theſe 24 Hows 

3 very hard Gales of Winds. Wind W. by 8. 
Theſe 24 Hours for the moſt Part freſh : 1 

Monday up the Beſt Bower, and let go the ſmall Bans] He have un 

| 28th, the ſmall Bower, and let go the Beſt Bower in. oh 

© ployed in making Point 1 Gaſkets. | E 
—At6P.M. Strong Gales: with heavy Rain. N "Teen : 
Tueſday |. the Long Service, and let go the Sheet Anchor unter Book 
29th. | At 9 A. MI. hove. * * Anchor. | Wind TO fro 
| S. by W. to W. 4 : | 7 91 
NN Theſe 24 Hours, for the Fr an = ſe Part nee an 

zoth. the latter Part eſtrong Gales. Wind W. by 8. PE uns 
Thee 24 Hours freſh Gales and fair. - ATE Ta 
Thurſday — allant Maſt down; at 10 A. M. * FRF and 4 To Fal 
oy iſt, ind E. 8. E. — — 


© 


Note. All Cables haves 'be 120 Fathoms i in l ** are in Proportion to. boch 3 


the Cubes of t 


always proportioned to the Length and Thickneſs, and the Weight and Value of it is de- 
termine] by this Number. The Number of Threads and allies of Fables of nn Cireum- i 


lerences may be 


9E 3938 1572); „ (15}>- (1098|% 
s 4 {2B | 2940 | or” 5 8 1 ZE : 1244's 
25415 4 5991-2 4.2394 %.. EE] 17155 0 14042 
ES) 12 88 6992 2796 5 8 ; 160587 15742 
tz i e 2.8 | 1912” 1754 
8 3 3285 8 93 17547 

148 Ug52's (3808. v Lois Liggzs 
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heir Diameters. The Number of Threads of which à Cable is compoſe) d:ing © 


ſeen in the following Table, is e 


* * " i Q " k 2 3 
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* . E * 41 N 
* dee * bs 
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- 5 N „ - * ; ; | : . : . 
/ a2 i 4 3 +3 * 4 * 3 1 48 $0 3 K : * , «a 93 8 
: k = 0» £ _ i P ; a N , * a { 4 4 Free 1 : 9 1 8. 5 8 LR 3 4 . 
« 2 , * 3 
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Rn F OO OTE. 3 
K. rin gv. | Remarxs on Board, Friday, May 24. 
N. ZW.] At 2 P. M. hove ſhort, 555 
f Ata weighed and failed” in Co. with a 40 000 
$5, e 2 Man of War, and 20 Sail of Merchant-men, 
| At 6 S. Foreland bore N. N. W. diſt. 4 Miles, 
510 At 2 A. M. Fairlee bore N. diſt. 6 Miles. 
N. bW. At 6 Beachy bare N. by W. 6 Miles. 
A 8 Beacby bore N. E. ö E. 9 Miles. 
8 | 4 * Freſh Gales and clear, Lier Ships ſtanding 
N. AW. up Channel; eloſe reefed both To «fails, | 
N. byE. [At 12 Bembridge Point bore W. N. W. 27 M. 
3 Still in Company with the Fleet, 1 
— — — 5 —— 
IK. ö woas ur. REMARKS on Board, Saturday, May zd. 
? IS 4 -o N. by E. 5 | 6 SDS 
; 14 6 F333 4 > SE , 1 
si 5 Freſh Gales and eller. A cike 
846 5. - | {At 4 P. M. parted with the Fleet, they being 
oi bound, to Spithead, Dunnoſe bearing W. 
12 1223 5 | N. W. diſtant 21 Miles. 
"2x $f © At 5 let out one Reef of each Top-ail. 
441 41 At 7 A. M. Portland Light bore W. N. W. 9 Ms. 
P 9 s HA 10 A.M. it bore N. E. 12 Miles. 
s i | 
1401 4 2 2 8 | 2 3 : 
LET EAES | . TTL 
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Being upon the Coaſt this laſt Day, the Lag is hove, and the Bearings and Diſtances 
ef Lande, Roucks, Sands, &c. as you approach them, muſt always be ſet down, and are 

of the greateſt ' Conſequence, eſpecially in bid Weather, or when you are in Danger of 
- being drove out of your true Courſe, in the Night, or in a Fog; ſo that you may at any 

_ » Time determine, by your Reckoning, of the Chart, the Ship's Place, and ſail Courſes and 
Diſtances as Circumſtances require, in : 
always in your Power to lake your Departu 


„ 
we, 


* to pa!s Places of Danger, aud to bave it 
ure from ſame known Place, in Cafe you 


ſhould be drove out to Sea in the Night, or in foggy Weather, when no Land can be 
ſeen. For it ſome imes happens, that in wor<ing to Windward in the Engliſh Channel, E. ol 
Dunnoſe, Ships, by making too long a Board, have git upon a Sand called the Ower, 


good Drayghis of t 
ind 


9 7 


which. lies from Dunnoſe E. 4 N. 25 Miles. It is therefore abſolutely neceſſary to have 
oaſts you ſail upon, unleſs you are very well acquainted with them 
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Moe Lizard bearing N. by E. Diſt. 6 Leagues from the 
had ſailed from the Lizard 6 Leagues or 18 Miles u 
the Compaſs, and allowing for the Variation (as 


i 
f 


: p— ks, * : Lee- re Ae ; >= ig 
H. Kk. F. - Courſes, Winds. way. — on Board, Sunday, May 4th. 
2 e F 8 Theſe 24 Hours moderate Gales, and fair + 
5 | | ; - Weather, - : : 
6 . 97 3 : | F h 3 
SPY v. n At 6 P. M. the Lizard bore N. by B. Diſt. 
. 1 - 5 AE Rs 6 Leagues, from which I take my Dep. 

2 x5 it being in the Lat. of 499 5% N. and 
5 5 | Long. 5 14 Weſt of London. | 
4 8. W. Unbent the Cables and ſtowed the Anchor. 
CCC Several Sail in Sight ſtanding to the Weſt. 

| as 2 = 4 | Variation 14 Point Weſterly. 
TRY Hs Lat. by _ Difo 9 8 70 A = 
| Courſe, |Dift. . W. D. R. —— Mer. Diſt. Long Long. in Bearing & Diſt, 
5. 27 30 10796 48 | 48-21N. oo 48“ | 73 62% W. 9 71 
4. | | SEE W. 1060 M. 


hip, is the ſame as if the Ship 
n the oppoſite, or S. by W. Point of 
fore taught) makes it S. half E. Diſt- 
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* 
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ance 18 Miles, which is to be ſet down as the firſt Courſe and Diftance in the following 
W. by W. which, allowing for the Variation, | 


Traverſe Table. | 

The firſt Courſe ſteered by Compaſs is S. : 
makes S. W. by S. half W. and the Sum of all the Diftances failed on that Courſe till 2 
o'Clock, when it alters, is 184 Miles, which being doubled, becauſe the Log is heaved” 
every 2 Hours, gives 37 Miles, ſo the ſecond Courſe and Diſtance to de ſet down in the 
Traverſe Table is S. W. by 8. half W. 37 Miles. In like Manner the ſecond Courſe: 


ficered is S. W. and the Variation allowed makes it S. S. W. half W. and the Diſtances 


on that Courſe ſummed up and doubled gives 56 Miles; therefore the third Courſe and 


* 


Diſtance to be ſet down in the Traverſe Table is S. S. W. half W. 56 Miles. Having. 


found the whole Difference of Latitude and Departure made upon the ſeveral Courſes, I 
then marl: down upon my Slate or Paper what every Thing that is to be fou 
and afterwards ſet them down in their proper Columns as above. 


| Trxaversr TABLE. 
. Courſes. Diſt. N. S. [ E. [W. 
— — | Lat. failed from 

: 8. FE. 18 17.9 1.8 Diff. of Lat. 

W. by S. W. 37 28.6] [23-5[Lar. in, or Ship's Lat, 

8. S. W. 4 W. 56| (449.4 26. 4/Sum of Lats, 

* — [Middle Lat. 
95+9 49.9 J[Com: of Middle Lat. 4 
T.5 Then with this Com. of Mid. Lat. 

; Longitude ſailed trom, or Lizard's Longitude 


| Difference of Longitude 73 Miles 
Longitude in, or Ship's Longitude 


Ship's Lat. 


Funchal's Lat, 


do from the Ship to Funchal the Courſe is found 


439 21'N. 
32 38 N. 


— — 


Dif. Lat. 943 MilesS15 42 Mer. Dif. Lat. 12a 50 


Diſtance 1060 Miles, 


* 


* 
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e B . 


Ship's Long. 
| Funchal's Long, 


Diff. Long. 639 Miles=10 
by Mercator's Sailing to be 8. 2 


Now to find the Courſe and Diflance to the intended Po 
Mer. Parts, 
3323 
2073 


— 


% 


6 27W, 
17  6W, 


nd cornes to, 


| Now to Diff. of Lat. 5.95. andDep.48.1W. 
the Courſe is $.27230'W.Dift, 107Miles;then 
„ Or Lizard's Lat. 495% N. 

1 5 3 S. * 


39. 
78 W. 


„„ 
49 51's 
3 41® found as a Courſe among the Degrees, 
48. Tland the Dep. 48. 1 in its Column, in the Diſt. 
Col. ſtands 73, which is the Diff. 71 Long. 
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Is K. F.] Courſes. | Winds. hy, — on Board, Monday, May tb. 1 
gn CEE ECKERT: 2 : | Ts 9 . — 
28 S. W. by W. N. Tpeſe 24 Hours moderate Gales and * 
c cloudy Weather. ; a 
18 5 Y eee e ey from Carolina, bound to London. 
n 5 8 0 roy | 
I2 3 4 4 3 ; 17 
r | Ek 
1 244 . P. M. got the beſt and ſmall Bower An. 
5 S. W. by S. W. N. W. . | chors on the Gunnel, and unbent the +> 
10 | A 3 5 | Cabels and ſtowed them. | 5 
1 | _ \ IVaryiarion 14 Point Weſterly. = + 
WE TFT Tat. by[Lat: by] Bit. of TT ne (- 
, Courle. loi. | S. | W. | D. R. Obſ. Mer. Diſt. Long. Long. in Bearing & Diſt. + 
8. 309 W. 107] 53 53 46.48 N N 1.41 W. r. 19 7.46. Funchal S, 27 | I; 
The Variation being allowed upon each Courſe, and the Diſtances ſummed up, af 
before taught, the Traverſe Table and other Work will be as follows 2 5 8 1 
35 TaAvNTAGsEZ IABL x. EY b Mea 
tag Courſes. big. . | 8. l | EE #3 
18 „ Iv | + Se fo ae 1-5 Now to Diff. of Lat, 93.4, and Dep. 83-59 > þ 
. the Courle is 30%, and Diſtance 107 Ne, WY | 
„IS. by W. ZW. 27 | 25.8 BR „ 4 
3 5 9 4 i 934 i ; 
5 Lat, from, or laſt 1 Lat. 489 21'N, | Fat "Hg 
© Difference of Latitude T 33S. Long. from, or laſt Day's Long, 69 27 W. I 
Latitude in, or Ship's Latitude 46 48 N. Diff. Longitude + 1 1 4 
Sum Latitudes TD 95 Og Longitude in, or Ship's Long. 7 46 W. 
Middle Lat. Ye ned pos | 
Middle Latitude 42 25 | a | F 0 
And to. Com, Mid. Lat. 43-25, or 422, and Departure 535 the Difference of Longitude 1 
TT ben for the Courſe and Diſtance from the Ship to Funchal. "4 
hip's Latitude 462 48N. 3188 ' Ship's Longitude 7 46 We wes 
ncha}'s Latitude 32 38 NM. 2073 Funchal's Longitude 17 6 W. . 


! 
f : f — ___ 
Diff. of Lat, 8 50 => 14 10 Mer. Diff. 1112- Diff, Longitude 560 Miles = 9 29 © 49 
Hence the Courſe and Diſtance from the Ship to Funchal is found as above. : 


Note. As the Tables are only calculated to fingle Degrees, the neateſt Degree to the l 
. of Middle Lat. is taken. to find the Diff. rt; 4 by, which is near enough for 
common Purpoſes at Sea; thus, the Com. of Mid. Lat. is 42923", for which I take | 
42 to find the Difference of Longitude, The ſame may be obſerved in finding the I 
Courſe made good, the neareſt Degree or 4 Degree to the Courſe is always ſet down, and 
will be found Sura V A PETS 7 
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By allowing for the v 


laſt Courſes, the r wil ad follows: R A 
+ Now to Diff. of Fat 2 cod 15 14. 
6 *. Courſe is S. 80 30 W. Piſt. 97 e f 14-4 
c Latitude from, or laſt Day's * 469 48˙N. 
—— 2 Difference of Latitude x 36 8. 
.S. W. AW. 24 21. 2 | 17 Latitude in by Account | > 45 '12N; 
S, byW. | 36 35. 7. um Latitudes | 92 0 
S8. 4 E. 40 39.8 3»9] | Middle Latitude 45 | OS 
„ , he EY war 6006 Middle Lak 
' | [96+ 3 349 18.3 Com, Middle Latitude=q45/ and "Do 14, 
"I 3. 9ſthe Diffetence of Longitude is 21 Miles. 
| 1 Long. from, or laſt Day's Longitude 5 46'W, 
© EN: 4. 4 Difference of Longitude 'o 21W, 
x __ 1 (Longitude in by Accoumt 38 1278 


4 
* — 


ere the Latitude by 
My for the true Longitude; and as this is 
Land, I corre& by Caſe I, Page 182, as follows s 


tion on. * 8 


— — —_—— . . | 
6 5 r. fs i, —.— REMARKS on Board, Tue,, May 6th, 
F r e ee 5 o [Theſe: e Tan Gales and. clear 
* 7 ws FTE | Weather. | 
: 8. 1 We | At 6 P.M. ſaw as ſhip to the Notthyard. 
ol 74 i FSW, by S. W. by N. 
A 7 7 Sf Fe 1 2 Obſ. of the Sun 2 Diga Nass 28020˙8. 
12 7 6 4 Declination } a 17 oz N: 
33 | {+ $5. „ 15 23N. 
E 8. S: W. WTF nds 5 
61 4 | 1 | 
18464664 | | | 5 1 
E CI ts tn BP DS el Variation 15 Palot Wee 
5 a by Lat. 5 if. of 
J. Courſe, lpia] S. bl — 9 Obſ. «Dif. Lad. Long: in Bearing, and pit 
1: . 80 30 5 = 58 8 455 1 230 E . 1 o. 21 I a 12 290 
W. | 873 Miles. 


Priya AT r 


A 522! 


as | befors and. | the mee on * two 


p. R. differing 171 Miles from. the Latitude by Obſcjvation I 
the] from the Lo tio 2 got lines leaviog the 


| Met. Parts, 

Lizard's Latitude 49 57N. 34/0 T0 Mer. Diff. of Lat. by Account 

© Ship” + Latitude by Account 45 12 N. 3047 423, and Diffezance of Long. 173, the 

80 — Courſe is 4 Points; and to Coùrſe 4 

Mer. Difference. of Lat; by Account 423 Points, an Diff. of Lat. by Obſ. | 
x — 14107. the Diff. of Long, is 167. , 

| Lizatd's Latitute: | 49 57 N. 3470 ; 
Ship" s Latiby Obſervation 45 23 N. 30563 Liber“ Lohgitinn 55 14 WI 

; 2 'Tryc Diff. of Longs. 167 = = A . 
Mer. "Difference by Obſervation 407 — 
Lizard's Longitude 52 14W, Ship's true Longitude ' 8 1W, 
Ship's Long. by Account 8 7 W, And to Courſe 2 Points; and Diff. of 

— Lat; between Lizard and Ship 274, ts. 


Diff. of Long. by Account 2 53=173 Miles. 


Diſtance is 296 Miles. 


Hence the Ship has ſailed from the Lizard S. 8. W. 296 — and the Courſe and 
Diſtance to the intended Port i 1s found as above. 
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A JOURNAL OF A VOYAGE 
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| ; | ee. | ; EZ TY 
H. K. r. Courſes. Winds. 10 REMA RSon Board, Wedneſday, Mayyt. 
6 | ; B 

8 ; | d  ]P.M. ſet up the Main and Mizen Top Mat 
| 3] 5 I Shrouds and Back Stays, * 
118 N . 5 5 | 5 31 
$1 3 SP | | 1 
4 3 | S. by W.] W.bysS.| 2} N | | | 

oo | 

10 3 | 7 Variation is 14 Point nearly, or 149 4 W. | 

Iz | 3 XS. per Amplitude, | 
Lat. by[Lar. by} Diff. off -| Bearing and 1 

{ Courſe, lpia. 8. | =. D. R. Obſ. [Mer.Dia. Long. Len, in. | Dif, 12 
8. 9 E. 76 | 75 12 [44%3'N| | 1943 05 _—_ 45 W. Fun. S. 32% Hs 
Allowing for the Variation and Lee-way as before, the Work will ſtand as under; : + 

| - TIES "TABLE, 5 e Now to Dif, of Lat. 74.98. and | No. 

eure. pi. N. | S. E. W. E. the Courle.is J. 95 E. Nik. 76 M ly 

2 EE . 1 ? : 5 5 
* | Lat. from, or laſt Day's Latitude 45 23'N, 

I - 8. E. + 46 45.8 4. 5 Ty 5 * 5 0 * N * 
8. 57 b. 4E. 30 =o 1 7.3 Difference of Latitude. 8. [ 
EL. « Fan, 1 4 7 4s 13 5 

| My 74+ 9]11+B Sum Latitudes | 89 31 i 

„ INiddle Latitude 44 45 * 
3 | 1 | Complement Middle Latitude 45 15 | 
1 2 00 EY And to Co. Mid. Lat. 45 15, or 450, and 
a Dep. 11.8, the Diff. of Long. is 16̃ E. Is 
| cans Want WD Long. from, or laſt Day's Long, 80 1 V. 
Difference of Longitude o 16k, 
— Longitude in „ 
Having the Latitude and Longitude in, the direct Courſe and Diſtance to the in 1 
Port is found (by Mercator's Sailing) as above. 3 5 i 
Note. When the Tenths on any Side are more than g, or Half a Mile, you muſt call 
| that Side one Mile more than yeu found it to be; but when they are Jeſs than 3, then 
vou noed take no Notice of them; as in the above the Difference of Latitud and De- 
parture are 74.9 and 11.8, which I call 75 and 12, becauſe the Tenths are above 5. 
But when you take the Difference of Latitude and Departure to find the Courſe by, 
then take them in Miles and Tenths; the ſame may be obſerved in caſting up the 1 
.-- + Knots and Fathoms. If, when doubled, the Tenths are more than 5, ſet ! Mile more 1 
in the Traverſe Table; but if leſs, omit them, as there are no Tenths in the Diſtance 
Columns | J Th 


EE 


A pp e 5 ; F on Tour ur 5 
12 K. +$;:7] -- Courſes.” Winds, E Sd Sth. „ 1 | pg fy 
Fa | 31's | W, Handed S. s. W. 1 Hours hard Gas 815 
1 4]: 3|5* Main Sail. : with all Rain. | hs © 
FE ws. | j F 
8 Lay- too up N. JN. o 8 y E. 7 i 
10 ſdrift| 14 e vom 4-4 6 LS tk 
I2 | | | 5 maſts up. 4% : 
2 | up. NW. ſoff N. f 5 13 ++ | &£ 
| 6 Set | the {Fore Sail cloſe 3 and Main-Seil. more m | T 8 3 
S = 0, Ld Þ Z * . cloſe ree A 48 
10 1 WE 
12 2 „ 1 25 W e e E Variation 11 Point Wee , ? 47 
EEE Lat. by |Lar. by. 25 0 of i 5 
Courſe. Diſt. 3. W. D. R.] Ob. ler. —.— Long. in. eating and Dit 
8. $19 30 "5 25 Ela 1 2985 A W. e Funchal 8.3K 
5 1 * W . 7 . 800 — T 


Taking the middle Point between the Point on which the Ship ela; Ape ante 
point which ſhe falls off for the ferond and third Courfes, as taucht in the Rules for - 
lying-to, and then allowing as before for the Variation and Cara the Trayerſe Table 
will Rong «> —_— (See Page a 3: 4.9 


—"—— 149% — ie0 5 ** 


— 7 . DIE. — Now to Diff. of Lat, 23. and. | 
1 ard he D E from, or ſt oy's Late | a N. 
WN a e 5 TH 19.8 Difference of Latitude FE # „ oof 25 ie 
N.N.E. K. | '9 | 7-7] 44 tein i: ot 
N, . 4 E. 4 8.5 30% sum Latitudes "i I 2 | ; ag, 
8.8 E. p * l | ck 12.8 Middle Latitude * : 44 o6 
1X Ws - : 5 32. T om. Middle Latitzde | 45 54 | 
33-34 . 6[And to Com, Mid. Lat. 452 54', or 469, and 
LY . Dep. 25, the Diff. Long. ic 35 Miles. 
ee e ng. rom, or laſt Day's Long, #5® 4˙ W. 
4 Lim b. erence of nee o 35 W. 
1 a Fe 8 "i 1] ak 
1 Aae is bl 4 4s e 
. | Tex 1s fa he Oui ak Dis to Funchal 
: a 3 | 


Sbip's Latitude TE 449 4N. 2951 ly » Lin gitude 30 '20'W. 
Funchal's Latitude age ye; gf = —an07y Funchal's Loogitude 17 8 
Diff. of Lat. 686 Miles = 11 26 Mer. 878 Diff. 2E baren 46 

Hence the Courſe and Diſtance from the _ * che intended Port is found as above. 
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„ * N T 9; Ayu #73 1832 Lee- as | 
ay F. „Courſes. Winds, way. ae a on Board, bes May 2 
er 2iÞ $5: jr! $5003 } Caim. Ins firſt 8. Haurs 2 fog th 
| 4 £57 5 n reſt e Gaiden inde clear. g BY, 8 : 
; 1 910 abn. 
8 | | | : 1 1 all Dy ſexing x. w. yx. | 
: 10 0 Es 5 | W. SW. 4 8. 3 i. I As e 21 
121 4 4 : ut Rete: h / | | | 5 | 
2 | ; 72 N 
a : 8 a E : | 8 | 1 
2 4 6 4 F OY 22 F405 3 $1557 15; 
$ 4 8 ; * 1 210 — I ä 5 ö 47 Vo | bp : N 
r ĩ˙ K ; - 
en * * + n 0 Variation 14 * eee +. 
Ml 7 8 — Pl | Dif. of 
. Courſe, 8 8. W. Obſ. luer. bit Long. Lan. in. i [Bearing ad Di and Dit 
ee HO 84 | 25 EE for 49 Tor 5 IT 20 3. 10 W. Fune, S. 260 W. 
ies Diſ. 735 Miles. 
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Ahe Setting of the Current and its Driſt in a made · a Courſe and Diſtance, 


* Nl 3 n anne N for. as ee Work wilhe 


S % 


1 Is wh he 


TRAVERSE TABLE. 


j== 


— } 


24 


li > the 
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(4 


* to Diff. ww 3 7 8. and Day 


rr W. 82. 9 W. ch Courſe is S. 80 W, Pif. 8g M. 
N. 252 23 Lat. from, or ud Day's Lat. WR FHP if 
To b ok 
16x] | : Sum/Late. 2 1 S's ; 
3 Middle Lat. 43 57 
16.3 + . Com. Mid. FR 4 45 3 
[ves BO ee yg PE 7170 
Sei 1:48 . of Long. 18 1 
14.0 Minutes,” 9, 1 15 
þ.:7 D Jong, þ from, or Ia Day's Longs 90 20W, 
— ＋HPiff. Long. i 3 
FG Long, in, by, Account | 10 15 


re \ differing * by Abba I ce for the 
True Long. and as our laſt Obſervation nnen Days ago, I work as follows: {See 
Caſe II. Page 183.) 


5 M. Pts, 
Laſt obſerved Lat. 4˙ 27N. 3063 To. Mer. Diff. of Lat. by Acc. 1 2 od 
Ship's Lat. by Account 43 49 N. 2931 Diff. of Long. by Account 13, 

— tance is 190. 

Mer- Diff. by Account 132 . Abd. to Diſt. 190, and Mer. bit. of 
. Bo le ly — Lat. by Obſervation 133, the Diff. of 
Laſt obſerved Lat. 45 23 N. 3063 Long. ie 112. 
55 Lat. by Obſ. * 43 Es 2910 Then 134+112=246, _ this. Sun 
1 — 132zis the true Diff. of 
Mer, bir. of Lat,by e Long. at laſt Obſervation g9 w. 
Long, at laſt Ob- 80 1 Diff. of Long. 123 . 
. Ship's true Long - 10 4W, 


Diff, of Long, by Acc. 2 14=134 Miles, 
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. c nar re Lee 
. F. ö Courſes. Winds, way. Ress = Board, a, Saturday, May 1 io. +4 id 
1-4 65 — 3 K , 
2 . 25 £ W. S. W. de Th 24 Hours moderate Sales: wih Shower 
r in. ; | 
2 5 4 3 25 Swell from the 8. W. for whith f a0 
3 : 13 6 Miles. 
A 4 | | | A* 
12 4 | | Sp 
$:1-34 $ | ; x x; | 
et..3% 5 | + 14 
$7 1 
10 3 Var N 
124 3 Variation 1 Point per Azimuth, „ 
N Lat. by Lat. byl © r 4 
cor. [Dit | s. | 8. D. R.] Obſ. Mer. Dift, Dif. Lon. ng.3o ws and 3 ö 
oW.| 8 o| 6 17 1 E 8˙ | z9 mY: r — Funchal 8. 8. W. | 
5 =p Te 7 Wnt wa — 


In this Day's Work the Swell 3 is to be conſidered as a Current, whoſe Drift 10 24 Hours 
; 6 Miles, the Allowance made for the Swell; and as it comes from the 8. W. it heayes 


he Ship towards the N. E. and the Variation allowed upon it makes laſt 9 N. E. * N. 48 
5 the Traverfe Table. 


* 


#4 


2 ow to Diff, of Lat. 49.3 S. and 
— N N W. WV. 8 e 2 Dep- 6s 
Courles. N. . & Da Lat. from, or laft Day's Lat. a 212 
N 1 p66 | Difference of Latitude 
8. W. by W.| 58 327 wp Latitude | N. 
v. | 32 22.6] [22.6] Sum Latitudes k T 
N. E. by N. 5 3-3] _| Middle Latitude 4 
A PHE Com. of Middle Latitude 
5 154+3] 3 [70-5] And to Com. Mid, 3 1, or 47, and 
| I 3*3] 65. 5, the Diff. of Laas b. 931 12 3 5 
3 PE Longitude from 209 4. 
. 7:51 Dif. my Longitude 93 Miles F 1 
Longitude in 14 37 
Too find the Bearing and Diſtance of the intended Port, on Mercator's Oharty | 
Lay a Ruler acroſs Mercator's Chart, in Lat, 422 = „ and ſet one Foot of the onthe 


Meridian of London, and the other in Long. 119 37 W. lay off that ſame Diſtance from the Meri- 
dian of London, by the Edge of the Ruler, and that will ſhew the Ship's Place. Then lay a Ruler | 
over the Ship's Place and Funchal, and take the neareſt Diſtance between the Ruler and the Cen- 
ue of the Compaſs, ſlide one Foot along the Side of the Ruler, and the other Foot will ſhew tlie 
Courſe to be S. S. W. Again, (keeping the Ruler as before) take from the graduated Parallel the 
Diff. of Lat. between the Ship and Port (100 6“) in your Compaſſes, and ſlide one Foot along the 
Ruler, holding both Points parallel to the N. and S. Lines, till the other cuts the E, and W. Lines, 

paſſing through the Ship's Place; the Diſtance between where the Point reſted, by the Edge of the 
_ and Funchal being meaſured upon the graduated Parallel, gives nearly 119, or 660 Miles, for 

N In op Manner find the Rearing and RO of any other Place from the Ship. 
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4} TS | * At A. M. ſpoke with the Hamilton, os 
6| 8] 6 L 7 Carolina, bound to London. 
$1 $40 , Bent the Sheet, beſt and ſmall Bower Cables, 
10 9 2 and got the Anchcrs clear. © Gs 4 
ts 1340 Ek. 3 
481 Lat. by Meridian Altitude as under, 
41. 9:1] 44: | Wo 
$1 $45 FE 
$1] $j] v3 & 
10 | $1 3 
i2! 8] © Sounded 80 F. r on 5 14 Point Weſt. N 
405 12 Lat. b Biff. of] © Bearing and Dit, of the 
Courſe. |Diſt. "bf. Mer. Diſ. Long. | Long. in Land, 
N. on ſan 209] Ki 19 e vs 4 * A 89 54 E. f 288 E. il 53' W. [ann 
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N. N. W. | 240] 221.7 | | Lk. 2 


There being 17 Miles Difference between the 
Lat. by Account and Lat. by Obſervation, I muſt 
correft; and as the Courſe is 2 Points, I muſt cor- 
ret by Caſe I. Then to the ſame Courſe, and Diff. 
of Lat, by Obſ. the Diſt. is 260, and Dep. 99.5; 
with which, and the Co. Mid. Lat. the Dif of , 
Long. is found as above, . 


* D 


E. TW. | 
| E. byN. IN, <1 202 58.6 s | BE 


Here the Lat. by D. R. differs 13 Miles from 
the Lat. by Ob. and as the Courſe by D. R. is more 
than 5 Points, I muſt correct by Caſe III. 


To Diff. of Lat. 38. 6. and Dep. 193.3, the 
Diſtance is 202; and to this Di, and iff, of 
Lat. by Ob. the Courſe is 77%, and D. 196.8 


with which, and Co. Mid. Lat. 429 285 find _ 
Diff, of us > is 288 Miles Eaſt, 


* 
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a A JOURNAL FROM MADEIRA TOWARDS ENGLAND. 


1 1 Be | Fong 33 
H. Kk. F. Courſes. Winds. Re B REMAAESs on Board, Sunday, June 1f, 
2| 7| 6 E. by N. 1 N. W. s. w.] o [Theſe 24 Hours, firſt Part moderate Galet 
4 0 F clear Weather, the latter Part fogey, 9 
$4 St 0 | | . T5 - Fo 
$1 61.4 1 | At 10 A. M. cleared up and ſaw the 
| 1 26102 | 0 bearing N. 2 E. Diſtance 7 Leagues. 
Ens F 2 | *.. WM: |} 
$1774 37 by 
[6:3 194-8 
110 | : | EN; 
12 8 | — — 
* 
3 „ 2 


: Light Breezes. At- 6 P. M. the Start bore E. by N. the Ram“ 
Monday head N. 36? W. the Bolt-head N. by E. Diſtance from the Start 
June ad. 6 or 7 Miles. At Noon, the Start E. by N. 4 N. diſtant 4 or; 

| Miles. 35 Fathoms Water. Lat. 50 O5 N. Several Sail in 
Sight. Wind N. N. E. 8 ', 


[Moſtly calm, the Remamder light Airs. At 1 A. M. paſſed his Ma. - 
jeſty's Ship the Rainbow. At 2 P. M. came a Boat from Shore | 
with a Pilot, who took Charge of the Ship; by the ſame Boat ſent 
away one Hogſhead of Wine. At Sun-ſet the Eddyſtone bore 
N. 2 E. diftant about 3 or 4 Leagues. At Noon the Ram“ bead | 
bore N. by W. 3 W. the Bolt E. 3 8. Stood in for Ie Sound by 
with light Airs at S. At 5 P. M. anchored. Saluted Admiral 
Geary with 13 Guns, and moored with the Beſt Bower and 
Stream Anchors, Wind N. E. | 
Light Breezes. At Noon unmoored Ship, and hove ſhort on the, 

Stream Cable. At 2 P. M. weighed, and run into Hamoaſe. At 

half paſt 4 took in the King's Moorings, and at 6 P. M. the Cap- 
_ tain went aſhore with Letters to the Merchants. Wind 8. E. 


— 


— ” 2 
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Having treated, at ſome Length, of the Method of keeping a Ship's Way at es, 
which was thought neceſſary to render the young Artiſt expert therein, as it is the 
principal Part which a Number of dry Problems would never do, I ſhall next \ 
proceed to ſhew how to, work a Ship; and though the Terms and Language may 


ſeem uncouth to the Learner, yet it is preſumed they will not be ſo to the more 
experienced Seaman,” <}ﬀÞ - ; | 
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wards the French Coaſt; for in ſome Parts it ſets 8. 
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7 Sub lan e of that Examina ibn, which every Candidate PN a Cim- 
; miſſion i in the Navy or Eaft-India Service, muſt neceſſarily paſs, pre- 


4 
' wious to his Appointment, reſpecting the Management of a Ship, from 


Her firſt coming out of Dock to ber clearing the Land, with Di- 


rections jo 1 a PF in all difficult Caſes at Sea. | 


1 


Wo 8 85 appear here to be examined in your Abilities, 
nece 2 to qualify you for being appointed an Officer 
in the Ship - „Captain „ now bound to — 
in — — Service—a great Charge. What do you look upon 
to be your Duty in that Capacity? 
Al. When I have received my 3 s Command, 10 am then 
not only to direct, but likewiſe to inſpect into every Thing rela- 
A to ſuch Orders, and ſee it properly executed accordingly. 
|S When your Ship is but of Dock, what is firſt to be done? 
After the proper Officers have examined the Limbers, I 
{ would level the Hold, by laying the Kentledge from the Fore-part 
of the Fore-hatchway to the After-part of the After-hatchway. 
2. If you are taking in Bales, how high would you dunnage, 
and what Part of the Ship moſt? 
A. I would dunnage fix Inches, and moſtly about the Well 
and Main- hatchway; and the Wake of the Chains and Floor 
Timpers. 

D. Suppoſe you have one and a half Foot Water in your Hold, 
and your Ship heels four Streeks down; what Dunnage ought 
{you to haye, to preſerve the Cargo? | 

A. Three Feet. 

2. How would you moor your Ship at  Graveletid * | 

A. I would come to with my ſmall Bower, veer the Service 

into the Hawſe, and then hang my beſt Bower in the Long- boat, 
and with the Tide drop her à-ſtern; and, er the Cable is 

* taught, let go the Anchor. 

- \ You have been in the Downs: how do you moor there? 

With my beſt Bower to the S. W. upper, Deal-Mill and 

| Dual Caſtle in one, with the South-Foreland S. W. by 9. in eight 

| athoms; I would -veer away. with the laſt ew "Flood, and 

moor with the ſame Bower tô the N. E. 

= 182 Where is the beſt anchoring in the Downs "i 

„ Bring upper Deal Church in one with Deal Calle, and 

anchor in eight or nine Fathoms Water. 


2; What are the Marks for anchoring in the Downs, Deal 
."Caitle bearing Weſt? 


4 x" Ee South * oreland 8. „* W. or S. S. W. 0 Sandown 
Caſle N. . : 


— 
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"9. How would you unmoor in the _— with the wind at 
Norih ? / 
A. I would ſplice my Stream cable to my nan Wewer aud 
veer away at half Ebb, that I might have Time to ſtow my beſt 
Bower, and ſhorten in my ſmall Bower-cable before the Shi 
tends to Windward ;- but as ſoon as the Tide ſlacks, if I was 
afraid to truſt m Stream-eable, 1 _—_ veer on ba beſt, en I 
take up my ſmall Bower. * 
| Kent owt mgm: the Wind northerly, you were in a a Ship's Hawſe in 
< owns ? 
A. I would wait till the ship tended to Windward, and heave-to 

my 1 as ſne tended to it. 
Qt. How would you: * the e Ship out of the Downs with-the 
Wind ſoutherly 2 + 

A. I would come no nearer the Goodwin: thin aki . | 
thoms Water, nor to the Main than eight or eight and a half 
Fathoms ; when I come near the Foreland, into no leſs than ten 
Fathoms'; there is a Shoal off Weſt Cattle, "TOR Feet at 
Low-water, bearing E. about two Miles. 

9. If it blows hard in the Downs at 8. W. and vou part your | 
Cables, what would you do ? 
A. I would ſtand out to the Goodwins til} 1 brought the South | 
Foreland Light to S. W. by S. then, keeping in nine Fathoms Wa- 
ter, ſteer N. N. E. till the North F oreland Light bore W.N. W. 
W might ſafely hawl round. for Margate ee i 

Ho do the F orelands bear of each GET”; 31715 


Neareſt North and South. 1 

S. How does the Tide flow in the Downs? 

By the Shore 8. 8. E. and in the. Offing S. W. * Fo 1 

9, What are the Marks of the Goodwin, by which you are to 
know when you are clear of them? 

A. The Geese Sands are two large G called the 
North and South Sands. When upper "Deal Mill and Warner 
Caſtle are in one, then I am a- breaſt the South Sand-head; and | 
when the North F en bears N. W. by W. I am a- breaſt the 4 
North Sand-head. | 
2, „ you were e riding at Anchor in the Due and an 
expreſs Order came for you to go to the Weſtward with the 
Wind at S. W. or S. 8. W. at what Time of the Tide would 

you unmoor ? 

A. I would unmoor at Half. flood, to be in Readingli to weigh 
at High-water, and caſt her in- ſhore, (by Reaſon of the Tide 
rs, ſooner done in-ſhore) if Room; if not, I would tack and 
| fan off in ten or eleven Fathom. Water, wes. Goals: in to the 


Shore 


— 


7 
* 


{ 212 ] 


The Subflance of that Examination, which every Candidate for a Com- 
" 1 miſſion in the Navy or Eaft-India Service, muſi neceſſarily paſs, pre- 
' wous to his Appointment, reſpecting the Management of a Ship, from 
her firſt coming out of Dock to ber clearing the Land, with Di- 
rections for working a Ship in all difficult Caſes at Sea. | 


# 


5 WG} R, ou appear here to be examined in your Abilities, 
1 neceſſary to qualify you for being appointed an Officer 
in the Ship „Captain —, now bound to ——- | 

in ———— Service—a great Charge. What do you look upon 
to be your Duty in that Capacity??? | 2. 3 

Al. When I have received my Captain's Command, I am then 
not only to direct, but likewiſe to inſpect into every Thing rela- 
tive to ſuch, Orders, and ſee it properly executed accordingly, - 

; I When your Ship is but of Dock, what is firſt to be done? 

Al. After the proper Officers have examined the Limbers, I 
would level the Hold, by laying the Kentledge from the Fore-part 
of the Fore-hatchway to the After-part of the After-hatchway, 


: ©, If you are taking in Bales, how high would you dunnage, 
and what Part of the Ship moſt? | 
A. I would dunnage fix Inches, and moſtly about the Well 
and Main-hatchway; and the Wake of the Chains and Floor 
ITwabers.”, _--* F 1 
2. Suppoſe you have one and a half Foot Water in your Hold, 
and your Ship heels four Streeks down; what Dunnage ought 
you to haye, to preſerve the Cargo? 
. Three Feet. J 
2. How would you moor your Ship at Graveſend ? 
A. I would come to with my ſmall Bower, veer the Service 
into the Hawſe, and then hang my beſt Bower in the Long-boat, 
and with the Tide drop her a- ſtern; and, when the Cable is 
taught, let go the Anchor. 3 
2. You have been in the Downs: how do you moor there? 
"7M With my beſt Bower to the S. W. upper, Deal-Mill and 
Deal Caſtle in one, with the. South-Foreland 8. W. by S. in eight 


| Fathoms; I would veer away with the laſt quarter Flood, and 


* moor with the ſame Bower tothe N. E. | 
| 1 I Where is the beſt anchoring in the Dw ns? 
F A. Bring upper Deal Church in one with Deal Caſtle, and 
anchor in eight or nine Fathoms Water. RI OED 
D.: What are the Marks for anchoring in the Downs, Deal 
Cattle bearing Wet? 39 . 
A. The South Foreland S. by W. or S. S. W. and Sandown 
VV * 
a 3 e e, How 
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2. How would you-unmoot: in the Downes with the Wind at 
Norih ? / 
A. I would ſplice my Stream-cable” to my ſmall Wein and 
veer away at half Ebb, that I might have Time to ſtow my beft 
Bower, and ſhorten in my ſmall Bower-cable before the Ship 
tends to Windward ; but as ſoon as the Tide ſlacks, if I was 
afraid to truſt my Stream- cable, 1 e veer on 2 beſt, nn 
take up my ſmall Bower 
| . . ares the Wind northerly, you were in a + Shipts Have in 
the owns r 
A. I would wait til the Ship tended to Windward, and heave-to 

my . as ſhe tended to it. | 

Q. How would Foun e the e Ship out bf dhe Downs wien the 
Wind ſoutherly? 


A. I would come no nearer Ya Goodwin thiies a By. 1 


thoms Water, nor to the Main than eight or eight and a half 
Fathoms ; when I come near the Foreland, into no leſs than ten 
Fathoms ; there is a Shoal off Weſt Cattle, fourteen Feet at 
Low-water, bearing E. about two Miles. Fe 

2. If it blows hard in the Downs at 8. W. and you part your 
Cables, what would you do ? 

A. I would ſtand out to the Goodwins fl} 1 brought the South | 
Foreland Light to S. W. by S. then, keeping in nine Fathoms Wa- 
ter, ſteer N. N. E. till the North Foreland ight bore W. N. W. 
* might ſafely hawl round. for Margate e . 1 

Ho do the F orelands bear of each Aar 
Neareſt North and South. | | 

S. How does the Tide flow in the an Abt 
By the Shore S. 8. E. and in the Offing 8. W. by 8. 

9, What are the Marks of the Goodwin, by which you « are to 

know when you are clear of them? 
A. The Goodwin Sands are two large Quickſariday: called the 
North and South Sands. When upper Deal Mill and Warner 
Caſtle are in one, then I am a- breaſt the South Sand-head'; and 
when the North Foreland bears N. W. by W. I am a-breaſt the 
North Sand-head. - 


2, Suppoſe you were riding at Anchor in _ Divas; and an 


expreſs Order came for you to go to the Weſtward with the 
Wind at 8. W. or S. 8. W. at what Time of the Tide would 
you unmoor? 

A. I would unmoor at Half. flood, to be in Readineſs to weigh 
at High-water, and caſt her in- ſhore, (by Reaſon of the Tide 
being ſooner done in-ſhore) if Room; if not, I would tack and 

Wee in ten or eleven F athom Water, ores nous in to the 


Shore 


— 
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Shore in ſeven Fatboms, and Jay my Top-ſails back til my 


Anchors were ſtowed. . 


2, Is there any Danger in going off the Downs? In what 
Water would you ſtand in Shore, and what Water towards the 


Good wins? 


A. Ves; between Deal and Warner Caſtle there are "wa 
Shoals with, at Spring- tides, not above ſixteen or ſeventeen Feet 
Water at Low-water. I would come no nearer the Shore than 


fix Fathoms ; and no nearer the Goodwind · ſands than ten or eleven 


Fathoms ; in ſome Places the nearer I go to the Sands I ſhould 
Have the deepeſt Water; but then there would ſoon be fo little 


Water, that I ſhould be a-ground before I could perceive its Shoal, 


1 would, therefore, ſtand towards the Sauth Foreland in nine 
Fathoms, and to the South Sand-head in h F athoms, there 
2 radual Soundings. 
01 'hat are the Marks for running thr h the Guilt Stream ? 
A. To keep the Light-houſe on the South Fareland in one with 
the weſtermoſt End of the ſouthermoſt Clift in Qld Stains Bay. 
N. B. Stains Bay is a Swamp that lies between two Clifts, 
which lies a large Half-mile to the Southward of Kingſdown 
upon the South Foreland. 
2 "_ are the Marks of the Dangers going out of the 
A Upper Deal Mill in one with the Corner of Warner Caſtle, 


1 jead me clear off. Upon Deal Church being open with the 


ſaid Caſtle about a Ship's Length, I muft ſtand out ſo till I drive 
the Light-bouſe in one with the Caſtle, and then I ſhall be a-brea 
of the South Sand-head; and, when the Light-houſe opens to the 

Weſtward of Folkftone Church with Hay Clifts, it leads me clear. 
I muft obſerve not to ſhut in the Hope-land E. by N. and the 
South Sand-head will lie off a full League. 

A Suppoſe you were coming into e with the Wind 
at «4 blowing hard, which Ways would you. lay your. Ship's 
Head 
A. Iwould come-to with my beſt Bower, and lay 2 Ship's 

Head to the Eaſtward; but if with the ſmall Bower, would 
7 . her Head to the Weſtward. 

5 For what Reaſon would you do ſo? 


= Becauſe I ſhould thereby keep my Cable clear of. the Cut 


wer. 

2 2. What is the Courſe from the South Foreland to Dunge- 
*Heſs, and what are the Dangers ? 

A. From the South Foreland to Dungeneſs the Courſe is 8. W. 


* 6 Diſtance five or fix Leagues: the Dangers between _ 
25 


* 2 . * . . * 
* 8 — * a 2 ia 85 5 « bt 
& Wh {3 . $ $54 EL 4k 
. r : KC Kid 
* 4 — * * 
* 


YOUNG SEA OFFICER. 2 


* * 


| are the Rip ps; the ſhoaleſt Part of which lies from Dover 8. 


four Leagues; from Calais Clifts W. by S. from Folkftone 8. 'F. 
and E. S. E. four Leagues: from Dungeneſs it lieth in Length 
N. E. and S, W. Diſtance about four Leagues, both Ends pointing 
to the Engliſh ſhore ; it is very narrow, and has on it but fifteen 
Feet at Low- water: I would come no nearer than twenty Fathoms. 
When the Neſs bears N. W. by N. I am to the Northward of it? 
It flows at the Ripraps N. E. and 8. W. and the Tide runs to the 
Eaſtward till three o'Clock Full and Change, when it is half-ebb 
þy the Ground. | b „„ 8 
2. How would you come to an Anchor under Dungeneſs ? 
A. I would bring the Neſs Point to bear S. W. by S. or 8. W. 


in nine 133 in paſſing it I would come no nearer than 


twelve or: fourteen Fathoms : I would anchor to the W. with the 
Point E. or E. by S. in nine or ten Fathoms. A 
N. B. It flows at the Neſs S8. E. by 8. and N. W. by N. the © 
Tide runs to the Eaſtward till Two o' Clock Full and Change. 
2. What is the Courſe from Dungeneſs to Beachy Head, and 
what Dangers are there? | . 2 5 
A. From the Neſs to Beachy the Courſe is W. S. W. Diſtance 
eight or nine Leagues: there is a Shoal between them called Pe- 
venſey Sand; and has on it at Low- water and 1 fog twelve 
Feet ; it lays about E. by S. from Ys and 8. 4x W. from Pe- 
venſey Caſtle, Diſtance from the Shore about two or three Miles. 
N. B. It flows off Beachy and in the Offing N. by W. eleven 
Hours, and S, by E, eleven Hours. | 2 
2, Suppoſe you were off Beachy Head, bound down the Chan- 
nel, and the Wind came to the South; what would you do? 
A. As the Variation is in my Favour, I would trim all ſharp, 
and ſtand to the Weſtward, and I judge, if it did not over- 
blow, I ſhould clear all. | b | 


9. Being off Beacliy Head with a Gale of Wind at N. E. 


* 


bound to Spithead, and at the Cloſe of the Evening, what is beſt 


to be done ? 


A. I would lie-to with my Ship's Head to the N. N. W. till 


Morning, then ſhe would drive about a Channel Courſe, at the 


Rate of two Miles an Hour, allowing what ſhe would loſe on 
the Ebb, ſhe would gain on the Flood, and be in the fair Way 


3 


in the Morning; I muſt come no nearer the Owers, then eighteen 


or nineteen Fathoms. | | Ys 
9. In failing from Beachy to the Iſle of Wight, what Courſe 
would you ſteer, and what Dangers are there ? | | 
A. The Courſe is W. by S. Diſtance 16 or 17 Leagues, The 
Dangers between them are the Eaſt Borough-Head, a 
| | rom 
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from Arundel S. S. W. 7 Miles, and the Owers which lie from 
Chicheſter Church S. S. E. 4 Leagues. The leading Marks to 
carry you clear of the Owers, are Dunnoſe Point W. or W. by N. 
and Culver Clifts N. W. by W. or W. N. W. when Chicheſter 
Church bears N. by E. I am to the Northward of the Owers. 
2. What are neceſſary to be obſerved in ſailing into Spithead ? 
A. If L-were bound into Spithead, after J am to the Weſtward 
of the Owers, I would ſteer N. W. by W. or W. N. W. and open 
Sandown Caſtle with the Culver Clifts, till I could ſee St. Helen's 
Church a Sail's Breadth or two, open with the Bed Clifts of Bem- 
bridge Point, and that will clear the Ledge; then by ſteering N. 
W. for the Buoys, I ſhould ſee the Gilkickers, muſt keep them in 
one, and that will lead me between the Buoys of the Warners and 
of the Dean, and then on Portſdown I ſhall fee a large Chalk-pit, 
that and South-ſea Caſtle in one, will lead me clear up to Spit- 
head, between the Buoy of the Horſe and No-man's Land. 
2. In turning into Spithead, what do you obferve, and how do 
you come to an Anchor there? 
A. I may open the Kickers each Way, but in. Caſe a Fleet be at 
Spithead that ſhould obſtruct the Sight of them each Way from 
me, there is a Mark on the Top of the Down on the Wight; by 
keeping that open above the Liees, it will carry me clear up to 
Spithead ; and when the ſaid Mark bears 8. W. or S. W. by S.] 
am a-breaſt of the Horſe : I muſt come no nearer to it than ſeven 
Fathoms; nor to No-man's Land than twelve or thirteen Fathoms. 
I would anchor at Spithead with the Kickers N. W. the Ride W. 
8. W. and South- ſea Caftle E. by N. or E. N. E. in eight, nine, 
or ten Fathoms. by 8 | | | 
I How would you come to an Anchor at St. Helen's ? 
I would keep Sandown Caſtle juſt open with the Culver 
Clifts, till I ſhould bring St. Helen's Church a Sail's Breadth 
open of the Red Clifts of Bembridge Point, or Ledge, (there are 
ix or ſeven Fathoms Water) and anchor with the Church on the 
S. W. by W. or W. S. W. in eight or nine Fathoms. : 
2. Suppoſe you were moored at Spithead, with a Cable and 
a Half on the beſt Bower, and one on the ſwall Bower, and you 
have orders to fail ; at what Time of Tide would you unmoor ? 
and which Anchor would you take up firſt? Tu 
A. I would begin to unmoor at the firſt of the Flood, and take 
up my ſmall Bower firſt. 55 e N 
2: In failing round the W ight, what are your. Obſervations ? 
A. To keep clear of Ride Middle, I would keep South-ſea Caſtle 
4 Sail's Breadth-open of the Kickers, till I open Welt Cowes Caſtle, 
till Fam two-thirds over; then ſteer directly for Hurſt Caſtle, _ 
F | When 


AD 2 A A & a 


when a-breaſt of it, borrow pretty near it, and then ſteer right fot - 
the Needles Point: great Regard mult be had to the Tides, fot 

the Flood ſets on the Needles, and the Ebb on the Shingles. 
N. B- It flows at St. Helen's nine Hours at the Full and 

Change, and when it is half Water, you have a Tide to work it 

with; there is a Shoal, called the Weſt Middle, about two Miles 
W. by N. half N. from Ride Middle; it lies S. E. and N. W. 
about a Mile and a half in Length, and has but twelve Feet at 
Low-water, when you are a- breaſt of the N. W. Part of it, 
Calſhot Caſtle is N. N. W. half W. South-ſea Caſtle will then 
carry you clear of it, if you keep it a Sail's Breadth to the South- 
ward of the Gilkicker Point. The Brambles is a Shoal that lies 
N. N. W. from the Weſt Middle, Part of it is dry at Low- water. 
If you ſail to the N. W. of the Weſt Middle, you ſail between it 
and the Brambles, leaving the Brambles on the Starboard Side. 
When you come to the Weſt of Cowes-Caſtle, you mult give it 


good Birth, by Reaſon of a Ledge of Rocks that lie off from it. 


There is Warding's Rock that lies on the Iſland Side; to keep 
clear of which, you muſt keep the Vanes of the Windmill that is 
on the Iſle of Wight in Sight; and that will carry = clear. 
When you come near the Needles, give them a good Birth to 


avoid the Chalk Rock: You will have in the fair Way nine or ie 


ten Fathoms; but when you come to the Chalk Rock you will 
have but four Fathoms. 5 | | 
Q: If you are bound or forced into Portland, what Precautions 
are neceſſary? | V fe 1 8 Fn 
A. I muſt take Care of the Shambles ; they lie about E. by 8. 
er E. S. E. three Miles from the Bill of Portland, and have but 14 
or 15 Feet on them at Low-water. To go into the Road, I'muſt 
keep Weymouth Caſtle open with the Eaſtermoſt Part of Portland, 
or open with the Stone pier, and run until I bring the Eaſtermoſt 
Part of Portland S. by E. or S. S. E. in 8 or 9 Fathoms ; keep 
Week Church open, and that will carry you clear. It flows from 
the Road to the Bill E. S. E. 71 Hours. The Light-houſes bear 
from each other N. and S. the Flood ſets right off the Bill ꝙ Hours. 


2. How would you anchor in Torbay ? 


A. Bring the Bury-head to S. by E. or S. S. E. and let go my 
Anchor in 8 or 9 Fathoms Water. | „„ 
I What is to be obſerved in failing into Plymouth Sound? 
If coming from the Weſtward, and am got round the Ram- 


head, I muſt give Penlee Point a good Birth, by Reaſon of 2 Ledge 


of Rocks that lies off from it; then haul N. N. E. 1 E. For an- 
choring, the beit Mark is Mount Edgecumbe juſt open, the Withy 
Hedge right up and down, and St. Nicholas's Iſland N. W. the 
leading Mark is Plymouth Church open with the Weſt Part of 
the Citadel. The Dangers in going in are the Tinker, N. by W. 
| o f | one 
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8 bne Mile and a half ; and about half a Mile Eaft Souther} from 


it, is the Shag Stone; there is a Buoy on each of them. The Shovel, 
with a Buoy on it, lies Eaft of Stadon Point. About half a Mile 
Eaſt of this lie the Panther Rock and the Knap. I would leave 
them on the Starboard Side, the Knap, Shag Stone, and New 
Stone, bears from the Bolt, N. W. by W 


Ni. B. Or to fail into the Sound you may bring the Old Church 
in a Line with the White Patch on the Hoa. Sail in that Direction 


till Edgecumbe Houſe appears in Sight, then ſteer over to the Eaſt 
3 and anchor with Blockhouſe Point in a Line with Drake's 
Sand... + | 1 > 
Get kat are the Dangers ſailin 
the beſt . avoid them? | 
AH. The 


g into Falmouth Harbour, and 
angers are the Manacles and the Falmouth Rock. 


The Manacles lies S. and S. by W. from Falmouth Harbour; and 


the Rock is known by a Pole ſtanding on it, and lies neareſt the 
Weſt Shore. The beſt going in is on the Eaſt Side of the Rock; 


it is a. narrow, deep Channel, which I may ſail up by the Lead, 


and borrow to St. Mawe's Side to 5 or 6 Fathoms Water; the Eaſt 


Side is the ſhorteſt, The beſt anchoring is in Carrick Road, St, 
Mawe's Caſtle bearing E. S. E. laying my Eaſtermoſt Anchor in 


1358 Fathoms, and my Weſtermoſt in 6 or 7 Fathoms. 
Land's End ? V 5 | 5 . 
A. Many. iſt. The Rundleſtone is a Rock that lies almoſt to 
the South Eaſtward of the Land's End, Diſtance about 4 Miles; 
to avoid it, I muſt keep the Tower of the Church that ſtands on 
the Land's End open, and that will carry me clear of it; but if I 
keep ſo near the Land as to hide the Church, then I go between 
the Land and the Rock; and when I am a-breaſt of the Red 
Clifts that are by the Water Side, then I am a- breaſt of the Rock. 
2dly. The Vaule is a Rock that lies about 8. S. W. of the Land's 
End, Diſtance 3 Leagues, and makes like the Bottom of a Ship at 
| half Tide. There are 43 Fathoms Water cloſe: to it on either 
Side. ys T he Gulph or Wolf Rock lies from the Lizard about 
Weft, Diſtance 10 Leagues, and from the Land's End S. W. 
Diſtance 4 Leagues; it is peaked, and appears above Water at 
half Tide; round about it is a clear Ground. 4thly, Breſon lies 
from the Land's End about N. or N. by W. Diſtance 5 Leagues. 
Sthly, The Seven Stones are a Row of Rocks that come not 


above Water, but the Sea e over them: They lie 
iſtance 7 Leagues, and from St. 


from the Land's End W.<S. 
Ml.artin's Head, N N. E. Diſtance 3 Leagues. 
2. How does the Lang's End appear when you firſt make it? 


It appears Hummocks, with a Church on it; and may be 


2 &, How 


ſeen in 54 Fathoms Water 8 or 9 Leagues off, 
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2, What are the Dangers that lie off the Lizard and the 
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7 or 8 Leagues off, in 42 Fathoms Water. hy 5 ; ES 
V If you were forced into Mount's Bay, where would be the 
ſafeft anchoring Ground? 3 De. 
A. Mount's Bay lies between the Lizard and the Land's End; 
on the Eaſt Side of it is a high Iſland, and on the Weſt a Caſtle, 
called St. Michael's Mount. From the Eaſtward of the Bay lies 
a Ledge of Rocks near a League into the Sea; the Coaſt is full of 
Rocks, and not ſafe to anchor in. To ſail into this Place I muſt 
bring St. Paul's Steeple W. N. W. keep over to the Weſt Shore, 
and make St. Clement's Iſland, which is before the Town of 
Mouſeholes, having the Caſtle on the - Starboard Side: I ſhall 
then ſee a large Sandy Bay; and, when within the Iſland, there 
is good anchoring in 7 or 8 Fathoms Water, Land- locked from all 
Winds but a S. E. Wind, © h EF Bet 
Q. What are the Dangers going into Scilly, and the beſt 
Marks to avoid them? e e e e 
A. St. Mary's Sound is the beſt Way into Scilly. St. Mary's 
Iſland lies on the S. E. Side, and hath a Garriſon thereon, and a | 
Windmill a-breaſt of it. The Dangers are 1ſt, the Spaniſh n 
which I muſt leave on the Larboard Side, near Smith's Iſland; 
it ſhews itſelf in bad Weather; and the next is Norman's Rock, 
on the Starboard Side, above a Cable's Length from the firſt, 
From St. Mary's Ifland, a little without the Eaſtermoſt Point, 
the Mark to lead me is to keep the Vanes of the Windmill upon 
a Line with the two Rocks tnat lie on the Weſt Side, ſo that 1 
may ga between them into the Fair-way. |  / 


Direction for Warking a Ship in all ifficwlt Caſes that Probably may 5 


| happen at Seq. _ pos 7 75 
2, Suppoſe your Ship is lying at Spithead, and the Wind at 
N. E. at what Time of the Tide would you-unmoor? 0 


A. As ſoon as ſhe tends ta the Ebb, I would wear away upon 
my ſmall Bower, and take up my beſt Bower, ' Eq 
; How do you unmoorf”—_ | 9 8 . 
. I would turn all Hands up, ſee all clear below, rig the 
Davit, overhaul the Cat and Fiſh, ſhip the Bars and Pins; 
then ſend ſome: Hands down ta the Cable, clap the Stoppers on 
the beſt Bower before I unbit it; then rouce down the Slack, 
bring to the Vial, and heave taught; then clap the Stoppers on 
the mall Bower bene the bits, and unbit. If there is a. freſh | 
Breeze, PH wear wich it bited; then heave on the beſt Bower 
till it is above the Surface of the Water, then pall; out Bars, 
hook the Cat, haul it taught, and furge the Vial, then ſtick out 
the Cable below, belay the on, paſs the Stoppers, and haul = | 
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Fiſh by Hand; then hook and bouce to the Stock, belay the 
Fiſh, Haul in the Buoy and Rope, and paſs my Shank Painters ; 
then ſlack the Cat and Fiſh, unhook the Anchor, and ſee all clear 
for letting it go again. I would likewiſe: bit the beſt bower with 
a range, rig the Davit out on the other fide for the ſmall Bower, 
mhift the Vial, and proceed as before. If it does not blow hard, I 
Your looſe the Top- ſails, and when the Anchor's a- peak, or when 
think myſelf near enough witbout tripping it, I would - haul 
home 8 ſheets and heiſt item. 
A. If 


ow do you.caft a Ship? EL noe . 
A. If I am to caſt the Ship to Starboard, would haul my Lar- 
board Braces forward, and let my After-yards lie ſquare : I may 
hojft the Fore top-maſt- ſtay- ſail, and keep the Sheet to windward 
to help her. If I am to caſt her to Port, I would haul in the con- 
trary Braces; when caſt, fill the Head-ſails, and brace up as Cir- 
cumſtances require. b 1 9 5 


N. B. If the Ship is Wind- rode, as ſoon as the Anchor is right 
RN up and down, put the Helm the Way you would have her caſt, ſet- 
ting in the ſame Braces abaft, and the contrary forward; but if ſhe 
is 1 1de-rode, . put your Helm the contrary Way to which you 
dare her caſt, and ſet in your Braces forward. Which ever 


Way your Helm is, your Braces abaft muſt be the contrary. 


— 
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'S. How would you tack 2 Ship. with all her Sails et? { 
A. I would hand down the Lee-bow-lines, ſtretch along the th 
Weather-braces, baul taught the Weather-ſheet and Lee-tacks; 7 
then put the Helm to Lee; let go the Fore-ſheet and Fore-top- in 
bow-line, Jibb, and Stay-fail-ſheets : When the Fore- op- ſail 18 
topches, brace to and help her. When aback, brace and help her. | 
hen the Wind is out of the After-ſails, raiſe the Tacks and . 
Sheets, ſhift the Stay-ſail-tacks, and haul over the Stay-ſail-ſheets, A 
When the Wind is a-head, haul the Main-ſail. If ſhe has Stern- br 
way, ſhift the Helm, ſquare the Sprit-ſail-yard, haul on board fo 
the Main-tack, and aft the Main- ſheet; brace up the Main-yard ; ye 
When the After-ſails are full, let go and haul : Haul on board the af 
Fore-tack, keep in the Weather-braces forward, and let her come M 
to; then brace up, haul aft the Fore-ſheet, Jibb, and Steering-ſails, an 
ſet the Back ſtays up, and haul the Bow-lines; then haul taught the T 
Weather-braces, Lee-tacks, and Weather- ſheet. Note, ſhould ä 
the Wingerake me a-head, I may haulthe After-ſails about, fhift ſta 
the | and Stay-ſail-tacks, and then work the Ship the _ 
„„ lacking if 4 MHfoy + anatd omg 29G © in 
45 How would you tack a Ship under her three Top- ſails? Sh 
A. 1 would put the Helm to Lee, keep faſt the Fore-top-bow- | Fo 
line; when the Fore-top-ſail touches, brace to and help her; wien thc 
the Wind is a-head, haul the Main- top-ſail, and ſhift the Helm; for 
then brace up the Main-yard, and haul the ann \ qu 
8 | 330 hen 
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When the After-ſails are full, let go and baul; Keep in the Wea- 
ther-braces forward, and when ſhe comes to, brace up and haul the, 
Main-top-bow-line-and Weather-braces.  — © on 
2. How would you wear a Ship with all her Sails ſer? © 
A. I would hauf the Mizem up, and the Mizen-ſtay-fails down, 
hard a Weather the Helm, ſhiver the Mizen-top-ſail, let go the 
Main, and Main-top-bow-lines, eafe off the Main-ſheet, 'the Lee 
main-brace, and round in the Weather-braces. When the Wind 
is abaft the Beam; eaſe the Main-tack; when the Wind is aft, 4 
ſquare the Head-ſails, and get the [Tacks on board; get aft the 
Sheets, ſhift the py and Stay-ſail-ſheets over the Stays, and as ſhe 
comes to, haul the Mizen out, and haul aft the Mizen-ſtay-fail- 
ſheet, brace the Head-yards up, haul the Bow-lines,” and trim all 
ſharp. If a freſh! Wind, it is proper to ſhorten Sai!; in Top-gal-. 
lant-ſails, down Jibb, and Steering-ſails, take two Reefs in the 
Top- ſails. If it continues to blow harder, in Top-fails; IL. would” 
take in the Fore and Mizen-top-ſails firſt, becauſe it will eaſe the 
Ship forward; for. when ir blows hard we generally have a Head- 
| ſea, and ſhe keeps to the better. Let go the Fore-top-bow-ling, 
lower away the Haul-yards, man your Weather Clew-line and 
Bunt-lines, clue cloſe up your Weather-ſheet. In weather-brace up 
your Lee-ſheet. Steady your Lee-brace. Steady taught your Top- 
fail haul-yards; fend the People up to hand the Sal, and when 
they are up, before they go on the Yard, clap an your Rolling 
Tackle to ſteady the Yard, (and all the Top- ſails ſhould be taken . 
in the ſame Way): Then take in the Main-top-ſail, and the Ship 
is under her Courſes. *© RS my. n 
| - How would you wear a Ship under her Courſes ?. 3 
A. Haul the Main-fail up, and down Mizen-ſtay-ſail, ſquare the 
After- yards, and hard a-weather the Helm; man the Weather fore- 
braces, and let go the Lee- brace, and fore Bow-line ; let go the 
fore-tack, and get on board the other, keep her large if Room, until 
you get the Tack on board and belay it. Then luff up the Wind, 
aft your Fore-ſheet and brace it up. Set the After-ſails, aboard 
Main-Tack, aft Main-ſheet, brace all up, and haul the Bow-lines; 
and when your Sails are trim'd, ſhift your Rolling-Tackles on the 
Top-fail-yards, © pes WARE NY | 


| 2; How would you wear a Ship under a Main-ſail, 8 Fore- 
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ſtay-ſail being blown away? | 3 

1 A. To lay to upon the other Tack F muſt watch the Sfifpsll- 

| ing off, put the Helm a-weather, and as ſhe falls off eaſe off the 

Sheet; but if that will not do, I would get ſome Hands up in the 

Fore-ſhrouds with Tarpaulins; if ſhe will not wear with . | 
thod; -I would haul aft the Main-ſheet again, and lay her to as be- 
N fore, and then get a Piece of Canvaſs, and laſh it round the Lee 

quarter of the Sprit-ſail-yard, and top the Yard up as much as = K 
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fible to prevent. the Sail from filling with Water when it is looſed. 
When' the Ship falls off, put the Helm a-weather, caſt looſe the 
Lee-yard-arm of the Fore-ſail, and haul aft the Sheet, and as the 
Ship falls off, eaſe off the Main-ſheet, and gather aft the Weather. 


* 


brace; raiſe the Tack, and gather aft the Sheet, and when the Ship 
is before the Wind, get on board the other Tack, aft the Sheet, 


ſquare the Sprit-ſail-yard, furl the Sail, caſe down the Helm, haul 
loſe aft the Main-ſheet, brace up ſharp, and haul theBow-line, 

2. Suppoſe ſhe will not wear for all this? Ei 

f. Then I would looſe the Gooſe-wings of the Foreſail; if that 


„ 


will not do, ſet the Foreſail, and wear her as under Courſes, or haul 
the Main-ſail up; if by . Main- ſail up and handing it 


ſhe will not wear, ſtrike the Mizen-yard lower down, ftrike the 


e ee and Mizen-top-maſt ; and if that will not do, cut. 


away the Mizen-maſt. ek | 
| 'S How would you proceed if a Top-ſail ſplits ? phe; 
A. Let go the Bow-lines, and lower away the Haul-yards, clue 
up the Lee-ſheet, and haul up the Bunt-lines, ſtart the Weather- 
ſheet, haul in the Weather-brace, belay the Clue-line, Bunt-line, 


. 


f 


and Brace, unbend the Sail, and bend another, then either furl or 


ſet it as Circumſtances require, bo” 8 
2. Suppoſe it blows hard and you ſplit your Main- ſail, what 
would you do? T . 1 


4 I would haul it up, and fettle the Yard ; unbend the Sail, and 


bend another; get aboard the Main-tack, and aft the Sheet, and 

then ſway the Ya | 

fluttering. Let the Sail fill, which will help'and make the Yard 
o up the eaſier; while I am doing this the Mizen-ftay-ſail ſhould 

be Et. When the Sail is full, and the Wind blows hard, get 2 


Tackle on the Weather-leach to ſecure the Tack, and Preventer- 
ſheets ;. but in ſmall Ships they get the Lee - tacks for Preventer- 


| ſheets. 7 3 Hf — r | 
I How would you box a Ship off ? tt . 
J Per ce le t Weather, haul up the lige, nd down the 


Mizen-ſtay-ſail, raiſe the Fore-tack, let go the Fore and Fore-top 

| 6 ky as forward, 
haul the Jibb and Stay- ſail ſheets in flat forward, and up the Ler- 
bow-lines; If ſhe has Stern-way, put the Helm to Lee: When 


bow- lines and Fore-ſheet, round in the 


ſhe pays off, and the After- ſails are all full, caſe off the Jibb and Stay 


ſail ſheets : brace about the Head-ſails, and bring on board the 
Fore-tack; but if ſhe has N right the Heim, and tend 


her coming to; then brace up ſharp, haul the Bow-lines. 


2 Suppoſe you are on a Wind, cloſe upon the Land, and ſtand- 
ing on mult run on Shore, and you can clear the Land on the other 
Tack; but it blows hard, and a Head-ſwell that ſhe wont . a 


err a 
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ard up. The Sail being a-back will prevent its 
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the other Tack? po En or ne 
A. Some would fay I ſhould club-haul her. This is done by 


| putting the Helm to Lee, and letting go the Lee Anchor, and brin 
ber up, Head to Wind, cut the Cable, and haul abbut the Aﬀter- 


fails; and when they are full, brace about the Head-ſails, haul on 
board the Fore-tack, and brace up the other Way; but that which 
is moſt common is, by Box-hauling her. 
I How would you Box-haul a Ship?  - < © 
A. If ſhe refuſed Stays, I would haul the Mizen up, haul about the 
After-ſails, and let go the -Weather-bow-lines forward; haul the 


Lee-bow-lines, ſet in the Weather-braces, and keep the Head-ſails _ . 
| a-back to prevent the Ship's having Head-way, by which means ſhe 


will pay round in her Length. I muſt obſerve to keep the Helm 

a-lee, by Reaſon ſhe will have Stern-way, and as ſhe falls of, muſt 
keep the After-ſails ſhivering ; when ſhe is before the Wind, brace 
up abaft, and get aboard the Fore-tack, and as ſhe comes to, haul - 


the Mizen out, and trim ſharp 


©. Suppoſe you are upon a Wind, and let the Ship come up in 8 


the Wind, and are all a- back, what would you do? 


A. Haul the Mizen up, let go the Main and Main-top-bow-lines, 
the Lee-main and Main-top-fail-braces, and lay all ſquare abaft 
put the Helm to Leeward if ſhe has ſtern-way ; when the Wind is 
abaft, ſhift the Helm; and as ſhe gets Head-way, haul in a little 
of the Starboard Braces abaft, haul the Mizen out, and Brace ſharp 
up abaft, and haul the Bow-lines, and then I am on the ſame Tack 
2. If by Accident your Ship were brought by the Lee, what 
would you do?? AS i 

A. When a Ship is brought by the Lee, it is commonly occaſioned 
by a large Sea, and by the Neglect of the Helm's- man. When the 
Wind is two or three Nieren the Quarter, the Ship taking a Lurch, 
brings the Wind on the other Side, and lays the Sails all dead to the 
Maſt; as the Vards are braced up, ſhe then having no Way, and the 
Helm being of no Service, I would therefore brace about the Head- 
ſails ſharp the other Way, then haul the Main-ſail up, and juſt 
keep the Main and Main- top-ſail ſhivering : When ſive gathers 
Way, and brings the Wind aft again, raiſe the Fore-tack, and fquare . 
the Head-ſails; trim the Sails as e re before, and bring her 
to her Courſe again handſomely.——N. B. It is dangerous to bring 
2 Ship by the Lee in a Gale of Wind; for ſhe lying entirely nal 
the Sea, her Sails can be of no Service till braced . | 

& Suppoſe you were upon a Lee-ſhore, and had neither Room 
* we ; | 5 3 by 405 1 to 
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to wear or ſtay, nor any anchoring Groun 

Ship's Head wuns the other . 8 
A. I would put my Helm hard to Lee, and when ſhe comes 
Head to Wind, raiſe the Main and Fore- tacks directly, make a Run 
With my Weather-braces, and clap all back at once; then haul for- 
ward the Lee-tacks and Bow-Lines as far as I can, that the Sbip may 
fall round on her Heel; and when the Main- ſail begins to ſhiver, 4 
would haul it up, and fill my Head-ſails,. and ſhift the Helm hard 
a-weather 10 when the Wind comes on the other Quarter, haul 
t 3 


on board the Wain-tack, and bring her cloſe to the Wind. 
Q. Suppoſe you were upon a Lee-ſhore, and had neither Room 


to Wear or ſtay, and you had Anchoring Ground, what would you do? 
A. When 1 ſee the Danger, I would take a good Hawſer and lead 
it out of one of the Quarter-ports, and bend it te the Anchor to 
Leeward; the other Part I would bring to the Capſtan, and ſhip 
the Bars, and when I go to tack, clap my Helm a-lee: As ſoon 
as the Wind is out of the Main-fſail haul it up, and then let go the 
Anchor, and heave on the Spring to caſt her; becauſe the Cable 
ſhould not check her when ſhe comes Head to Wind: Brace about 


the Main- yard, haul on board the Tack, and cut away the Cable 
and Spring; when the Main-fail fills, ſet the Fore-ſail; haul aboard 


1 


the Tack, and trim her do the \V ind. SS 


> ” $ 
* 


l ight coming on, and it is likely to blow harder, what will you 
A. I would haol the Fore-fail up and furl it, balance the Mizen. 
and reef the Main-fail, haul the Mizen out to keep her to, then haul 

up the Main-clue-garnet and Bunt-line, ſquare the Vard, and get 
Stops round the Maſt by the Booms 'to'hook' the Yard-tackles to 
for Rolling-tackles; then lower down the Yard, and reef the Sail; 
"haul on board the Lack, get aft the ſheet handſomely, and ſway the 
» Yard up. Tend the Braces, bouce up the Bow-line, and haul up 


the Mizen. 


3 You are juſt a-breaſt of Portland, the Wind has taken you 


a- back, and you have not time to take in your Sails, for you will 
be on Shore preſently ; how will you proceed? EE et, 


A. If ſhe has head-way, I, will put the Helm a-weather, let go 


the Fore-ſheet and Larboard-braces; as ſoon as the Afﬀeer-ſails 


ſhiver, haul down the Main top-moſt-ſteering-ſ.ils, and if it blows 
freſh take in Top-gallant-ſails. Brace up the After-yards; when 
full, brace up forward, and haul on board the Fore-tack, and trim 


all ſbarp; haul taught the Weather-braces, and haul the Bow- 
lines. 2 | 1 ; | $4 7 2. Sup- 


R 


* 


2. Suppoſe it blows hard, and you cannot carry your Courſes, 


Door ere ee e 
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wy Suppoſe the Ship is under Api and- you, mult mee al 
the Sail you can? ?; 298221 124 


A. Down Fore-ſail, hoiſt Jibb and Stay-ſails, fet Top-gillansfails | 
and. Royals fore and aft, ſet Sprit-ſail, and Sprit-[ail-top-fail and 
Driver; haul taught the Lee Clew-lines and Weather“ liſts and 
Braces; then rig out the Top-maſt-ſtecring-booms, and ſend down 


the Haul yards and Tacks; then hoift up 


ſails and op-gallant-ſteering-ſails, and chen a ſeth tower Searing | 
2 15 — toe | will 
n caſe yow were to — bw Method 
you take to 2 clear A . F oy a Mou eg. 
A. I would put my Helm a- weather to give © the/Ship ane Way 


through the Water, and then cut away. nods | 
2, 3 you were to en _ your Bowſprit, what would | 


you 4 AT OE 
A. Should that happeti, or that I ſhould ſhowy g ny Beuth 1 

would immediately wear Ship, and keep her befors the Wind and 

then, for Security of the Foremaſt, I e carry forward Runners 


and Tackles, and bounce them well taught, till I can get a Hawſer, 
or ſufficient Rope, and clench it round the Maſt-head, and. ſecure it 


to the Bits of the Fore-caſtle, or to the Cat- heads. 
Q., Suppoſe the Wind at 8. W. and you are well up the Channel, | 
making the beſt of your Way to. the Downs, how will you proceed 


it it blows hard, and you are under a Main-fail ? - 


A. Reef the F ore-ſail, and then haul the Main-fail up, and yeer 
Ship, then furl it; when before Wind, ſet the Fore-ſail ; when 
acbreaſt the Fore-land, haul the Fore-fail up and furl it, and run in 
under bare Poles. Hook the "Top-tackle-falls ; ſee the Lee-jeers, 
Top-ſail-ſhifts, Lifts, and all clear for ftrikin Yards and T -maſts. 
[Then run into a good Birth, and ſtrike Yards and Top-maſts: The 
Sheet-anchor being over the Side, and the beſt Bower dire with a 
long Range, the Stoppers, Ring-ropes, and Stream-buoy all ready, 
put the Helm to Port, haul the Mizen out, and let go the beſt Bower, 
and veer away two Cables before I check her; then veer away Half 


"lx he coy more, and bring her up. When the Ebb makes, | would let 


the ſmall Bower in nine Fathoms Water, having you Mill = 
Jeal-Caſtle i in one. | 


Neceſſary Remarks on Coming into the Channel. 
Pane coming from a long Voyage, without Doubt, try for 

Ground in Time, and, if poſſible, would keep in the Latitude 
of 49* N. in which Latitude, and in ninety Fathoms Water, you will 


have fine Sand fixty-fix Leagues from the Lizard; but, ſhould you 
be in the — des then 3 Ground, and eighty F os 0 
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In coming in, having ſtruck Ground in ninety Fathoms, you will, 
from the Latitude 49 300 to 407, meet with the ſame Depth; 
then, failing fix or ſeven Leagues, you will ſhoal five Fathoms a 
once; you run in that Depth for ſome Time, and deepen again; 
Perhaps in three Leagues you-ſhoal again ; for it is to be ſuppoſed the 
| — is not gradual: You muſt therefore have Recourſe to the 
general Soundings, not to Particulars. But if, in coming in, yon 
meet with Sand interſ with black Specks like beaten Pepper, 
and you have fixty-four Fathoms, then Scilly bears N. E. by N. 
fourteen, Leagues; and if, at any other Depth, you have the ſame 


Soundings from ninety to fixty-four Fathoms, you have the Channel 


Aairly open. When you are in the Latitude of 49? 3o', and have 
leventy- ive Fathoms, you muſt be ſure to ſteer E. by S. or E. S. E. 
and then you will but keep your. Latitude good; which, if poſſible, 
do not go to the. Northward of, till you get within Scilly ; nor then, 
without you have an Opportunity of making the Land. When you 
are 22 of Scilly, if you be not to the Southward of 49 25, nor 
to the Northward of 49* 20', and have ſixty Fathoms, you are 
ſure to be the Length of Scilly, and in the Latitude as before-men- 
Tionedz with thirty-five Fathoms you are a-breaſt of the Lizard. 
If at any Time you ſhould be to the Southward, and have from 
ninety to ſeventy Fathoms, or in the Latitude of Uſhant, or farther 


Southerly, you will have reddiſh Gravel Sand, with many Pieces of 
Shells; which Soundings are no where to be found in the Channel. 


If in the Latitude of Uſhant you have eighty-fix Fathoms, you are 
diſtant from thence thirty-ſix Leagues: if feventy Fathoms, eleven 
Leagues; then you muſt be careful in the Night-or thick Weather 
to come no nearer to it than ſixty-three Fathoms, nor to the Laams 
than ſixty- five Fathoms. You may know when you are to the 
Northward or to the Southward of Scilly by the Ground. When 
you are to the Northward, or in the Latitude of it, you have Ouze 
on the Lead from eighty-five to ſixty Fathoms; then you muſt haul 
to the Southward till you meet with coarſer Ground, which you 
Will have to the Southward of Scilly; you may depend on ay 4 
Oue on the Lead in this Latitude, or to the Northward of it; fo 
that, if you keep the Lead going, you may prevent falling to the 


Northward. For your better knowing when you are near Scilly, 


you will find on the Lead black Stones, the like of which are no 
where, cife in the Channel. In the Night come no nearer than fifty- 
three Fathoms; and in that Depth you are not above three Leagues 


from the Scilly Rocks. That you may know if you be within Scilly, 


and in the Channel, ſtand to the Southward, and you will have 
deeper Water ; to the Northward, and you will have ſhoaler. Come 
no nearer to the Lizard, in the Night, than forty- five Fathoms. If 
running up the Channel in the Night, keep without the Stream of 
forty Fathoms, fer in that Stream che Hddyſtone lies: Between the 


| 77 and Portland, no nearer than twenty-four Fathoms; nor from 


. 


ortland io the Neſs, than twenty Fathoms, if in the Night or thick 
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Weather. When you are in the Fair-way, up Channel, you will 


always have fine Sand, intermixed with black Speeks and Hake's 
Teeth. By this Time you will moſt probably have made the 
Land; but obſerve that between Beachy and the Wight there are 
from thirty to thirty-eight Fathoms Water; by Which you may be 
led to imagine yourſelf farther out than you are. That Depth is found 
at four Leagues Diſtance from the-Owers and Eaſtborough-head. 


"Having proceeded ſo far in the Examination of the:young Officer, 


it may not perhaps be thought ſuperfluous at this Time to give him 
ſome Idea of the Manner of an Engagement at Sea, we ſhall there - 
fore begin with Exerciſe of the great Guns. P : 


— 


* | Ry 
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EXERCISE. OF . THE GREAT * GUNS, 


2, Shen. 4 1 nt Eo 
2. Caſt looſe your Guns, „ Spunge your Guns. | | 
3. Level your Guns. 10. Load with Cartridge. 


4. Take out your Tompions. 11. Shot your Guns. 

. Run out your Guns, 12. Put in your Tompions. 
e. Pr. Ai. 8 
7. Point your Guns. | 14. Secure your Guns, 


TPON Beat to Arms (every Body having immediately repaired 
to their Quarters) the Midſhipman, commanding a, Number 
of Guns, is to ſee that they are not without every neceſſary Article, 
28 1 every Gun) a Spunge, Powder-horn, with its Priming- wires, 
and a ſufficient Quantity of Powder, Crow, Handſpike, Bed, 
Quoin,” Train-tackle, &c, ſending without Delay, for a Supply of 
any Thing that may be miſſing; and, for the greater Certainty of 
not overlooking any Deficiency, he is to give ſtrict Orders to each 
Captain under him, to make the like Examination at his reſpective 
Gun, and to take Care that eve Requiſite is in a ſerviceable Con- 
dition, which he is to report accordingly. And, beſides the ather 
Advantages of this Regulation, for the ſtill mage certain and ſpeedy 
Account being taken upon theſe Occaſions, Midſhipman. is to 

give each Man his Charge at Quarters (as expreſſed in the Form o 
the monthly Report) who is to ſearch for his particular Imple- 
ments, and, not —_— them, is immediately to acquaint-his Cap- 
tain, that, upon his Report to the Midſhipman, 2 be re- 
placed. The Man who takes care of the Powder is to place him- 
ſelf on the appoſite Side of the Deck from that where we engage, 
except when fighting both Sides at once, when he is to be annde 
ſhip, He is not to ſuffer any other Man to take a Cartridge from 
him, but he who is appointed 7 ſerve the Gun with. that _ 
| ; 2 either 


* 


either in Time of a real Engagement, or at un „ Lantharns 
- gre not to 22 to Quarters in the Night, until the Midſhip- 
man gives his Orders for ſo doing to the Perſon he charges wh 
that Article. Every Thing being in its Place, and not the 


4 * * 


Lumber in the Way of the Guns, the Exerciſe begins with, 


At this Word every one is to obſerve a ſilent Attention to the 
=". aig - the | 


. Caſt looſe your Guns. 


The Muzzle-laſhing is to be taken off from the Guns, and, be- 
ing coiled up in a fmati Compaſs, is to be made faft to the Eye- bolt 
above the Port, the Laſhing-tackles at the ſame Time to be caſt 
looſe,” and the Middle of the Breeching ſeized to Thimble' of the 
Pomillion. The Spunge to be taken down, and, with the Crow, 
. &c. laid upon the Deck by the Gun. 2 2 


When prepared for engaging an Enemy, the Seizing with- 


in the Clinch of the Breeching is to be cut, that the Gun may come 
ſlot wie board for Wag, and that the Force for e Re- 


coil may be more ſpent before it acts upon the Breeching. 


| : 6 3. Level your Guns. 
The Breech of your Metal is to be raiſed, ſo as to admit the Foat 
of the Bed's being placed upon the Axeltree of the Carriage, 
wh 70 101n upon the Bed, both their Ends being even one with 
A 5 „ | 0 
N. B. When levelled for firing, the Bed is to be laſhed to the 
Bolt which ſupports the inner End of it, that it may not be throw 
out of its Place by the Violence of the Gun's? Motion, when hot 


„ 


with frequent Diſcharges. . 


— 


4. Take out your Tompions. 


3 ; 


The Tompion is to be taken out of the Gun's Mouth, and leſt 


hanging by its Laniard, 


5. Run out your Guns, 


Wich the Tackles booked to the upper Bolts of the Carriage; 
the Gun is to be bowſed out as-cloſe as poſſible, without the Aſ- 
ſiſtance of Crows or Handſpikes; taking Care at the fame I ime to 
keep the Breeching clear of the Trucks, by hauling it through the 
Rings; it is then to be bent ſo as to run clear when the Gun is 
fred. When the Gun is out, the Tackle - falls are to — 
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fide the Carriages in neat Fakes, that when the Gun, by recoiling, 
overhauls them, = may not be ſubject to get foul, as they woule 
if in «common Cl. „ 
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„Tant Cartridge is co be pierged with the Priming-wire, and the 


Vent filled with Powder, the Pan alſo is to be filled; and the flat 
Space, having a Score through it at the End of the Pan, is to be 
covered, and this Part of the Priming is to be bruiſed with the 
round Part of the Horn. The Apron is to be laid over, and the 
Horn up out of Danger from the Flaſh of the Priming. 


— J. Point your Guns. | 
At this Command the Gun is, in the firſt Place, to be elevated to 


the Height of the Object, by means of the Side-ſights; and then 
the Perſon pointing is to direct his Fire by the upper Sight, having 


2 Crow on one Side and a Handſpike on the other, to heaye the 


Gun by his Direction till he catches the Object. 
N. B. The Men who heave the Gun for pointing are to ſtand bes - 
tween the Ship's Side and their Crows or Handſpikes, to eſcape the 
Injury they might otherwiſe receive from their being ſtruck againſt 
them, or ſplintered by a Shot; and the Man who attends the Cap- 


| tain with a Match is to bring it at the Word, Point your Guns,“ 
and kneeling upon one Knee oppoſite the Train- truck of the Car- 


riage, and at ſuch a Diſtance as to be able to touch the Priming, 
is to turn his Head from the Gun, and keep blowing gently upon 
the lighted Match to keep it clear from Aſhes. And as the Mifing 
of an ; in Action, by Neglect or Want of Coolneſs, is moſt in- 
excuſable, it is particularly recommended to have the People tho- 
roughly inſtructed in pointing well, and taught to know the In- 
conveniences of not taking proper Means to hit their Mark; where 

fore th ſhould be made to elevate their Guns to the utmoſt Nicety, 
and then to point with the ſame Exactneſs, having caught the Ob- 


ject through the upper Sight at the Word, 
x 8. Fire, 


* 


The Match is inſtantly to be put to the bruiſed Part of the 
Priming; and when the Gun is diſcharged the Vent is to be cloſed, 
in order to ſmother anv Spark of Fire that may remain in the Cham- 
ber of the Gun; and the Man who ſpunges is immediately to place 
himſelf by the Muzzle of the Gun in Readineſs, when, at the 
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9. Spunge 
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| Linn s Ft 21 lb Ho Spunge your Guns, Ar malls Sate 
The Spunge is to be rammed down to the Bottom of the Cham. 
ber, and then twiſted round, to extinguiſh effectually any Re- 
' mains of Fire; and when drawn out to be ſtruck againſt the Out- 
. fide of the Muzzle, to ſhake off any Sparks or.Scraps of. the Car- 
tridge that may have come out with it; and next its End is to be 
+ ſhifted ready for loading; and, while this is doing, the Man ap- 
pointed to provide a Cartridge is to go to the Box, and by the Time 
the Spunge is out of the Gun, he is to have it ready; and, at the 


L a 3 ö = T Ts "ar" Ws 
10. Load with Cartridge, 


The Cartridge (with the Bottom End firft, Seam downwards, 
and a Wad after it) is to be put into the Gun, and thruft a little 
Way within the Mouth, when the-Rammer is to be entered; the 

Cartridge is then to be forcibly rammed down, and the Captain at 
the ſame Time is to keep his Priming-wire in the Vent, and, feeling 
the Cartridge, is to give the Word home, when the Rammer is to 

de drawn, and not before. While this is doing, the Man appointed 
to provide a Shot is to provide one (or two, according to the Order 
at that Time) ready at the Muzzle, with a Wad likewiſe; and when 
the Rammer is drawn, at the World. 


749 


11. Shot your Guns, 


The Shot and the Wad upon it are to be put into the Gun, and 
thruſt a little Way down, when the Rammer is to be entered as be- 
fore. The Shot and Wad are to be rammed' down to the Car- 


tridge, and there have a Couple of forcible Strokes, when the Ram- bh 
mer is to be drawn, and laid out of the Way of the Guns and 
Tackles, if the Exercife or Action is continuing; but, if it is over, as 
the Spunge is to be ſecured in the Place it is at all Times kept in, ir 
| 12. Put in your Tee. 
The Tompions to be put into the Muzzle of the Cannon. 
"= . 1 Houſe your Guns. 85 7 
Tye Seizing is to, be put on again upon the clinched End of the 0 
Breeching, leaving it no flacker than to admit of the Guns being E 


bouſed with Eaſe. The Quoig is to be taken from under the 

Breech of the Gun, and the Bed, ſtill reſting upon the Bolt, with- of 

in the Carriage, thruſt under, till the Foot of it falls off the Axel» R 
"tee, caving it to reſt upon the End tt 


which projects out from the 
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Foot. The Metal is to let down 


* 


placed exaftly ſquare, and the Muzzle is to be cloſed to the Wood, 
In its ptoper Place for paſſing the Muazle- laſnings. 


4 
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Ys Mas ie lige mul bo Gel made Shins, and thes with 
one Tackle (having all its Parts equally taught with the Breechi 


the Gun is to be laſhed. The other Tackle is to be bowſed taught, 


and by itſelf made faſt, that it may be ready to.caſt off for laſhing 
3 ſecond Breechin | F . 1 


N. B. Care muſt be taken to hook the firſt Tackle to the upper 


Bolt of the Carriages that it may not otherwiſe obſtruct the Reev- 
ing of the ſecond-Breeching, and to give the greater Length to the 


End Part of the Fall. No Pains muſt be ſpared in bowſing the 


Laſhing very taught, that the Gun may have the leaſt Playygthat is 
poſſible, as their being looſe may be productive of very dangerous 
Tonſequences. The Quoin, Crow, and Handſpike, are to be put 
under the Gun, the Powder horn hung up in its Place, &. 
Being engaged at any Time when there is a large Swell, a rou 


Sea, in ſqually Weather, &c. as the Ship may be liable to be ſud- 
denly much heeled, the Port-tackle-fall is to be kept clear and 


(whenever. the Working of the Gun will admit of it) the Man 
charged with that Office is to keep it in his Hand; at the ſame 
Js the Muzzle-laſhing is to be kept faſt to the Ring of the Port, 
and, being hauled taught, is to be faſtened to the Eyes bolt, over 
the Port-hole, ſo as to be out of the Gun's Way in fiting, in order 
to haul it in at any Time of Danger. 4 RR 
' This Precaution is not to be omitted, when engaging to the 
windward any more than when to the leeward, thoſe Situations 
being very ſubject to alter at too ſhort a Warning, 2s. 
A Train-tackle is always to be made Uſe of with the Lee Guns, 
and the Men ſtationed to attend it are to be very careful in prevent- 
ing the Gun's Running out at an improper Time, 5 


— 
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HOW To FORM THE. LINE. 


ME next Thing thou ght neceſſary is to give the young Officer 
f an Idea of forming the Line, which is that Arrangement or 


rder in which a Fleet of Ships of War are diſpoſed to engage an 


Enemy. 


The Diſpoſition, which is the beſt calculated for the Operations 


of naval War, is formed by drawing up the Ships in a long File or 
Right-line, prolonged from the Keel of the hindmoſt to that of 


the foremoſt, and paſling longitudinally through the Keels of e 
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the others from the Van to the Rear, ſo that they are, aegording 
he Sea Phraſe, in the Wake of 'each other. FRY: wo ys "RP 
In this Eine or Order of Battle, all the Ships of which it js com- 
poſed are cloſe hauled upon the ſtarboard or Iarboard Tack, about ; 
50 Fathoms diſtant from each other. | f 
A Fleet is more particularly draw up in the Line when in Pre- f 
ſence of an Enemy. It ought to be formed in ſuch a Manner as l 
that the Ships ſhould mutuelly ſuffain and reinforce each other, and n 
yet preſerve a ſufficient Space in their Stations to work or difect 
. their Movements, with Facility, during the Action. Thus < 
ill be enabled effectually to cabnonade the Enemy without incom- ( 
moding the Ships of their own Squadron. © tO : 
Fhe Line cloſe hauled is peculiarly ehoſen as the Order of Battle, { 
-becauſe if the Fleet, which is to Windward,: were 'arranped in any 0 
other Line, the Enemy might ſoe gain the Weather“ gage of it; . 
and even, if he thinks it expedient to- decline that Advantage, A 
it will yet be in his Power to determine the Diſtance between the ad- 5 
verſe Fleet in an Engagement, and to compel the other to Action. f 
The Fleet to Leeward being in a Line cloſe hauled, parallel to the i. 
Enemy, can more readily avail itſelf of the Change of the Wind, B 
'or of the Neglect of its Adverſary, by which it may 28 7 
trous Management, get to Windward of him; or ſhould e fail in 8 
his Attempt, it will nevertheleſs be enabled, by the favourable bh 
State of the Wind, to avoid coming to Action if the Enemy is 2 
greatly ſuperior, or to prevent him from eſcaping, if he ſhoul, Ate 85 
7 35 V 
+ Belides theſe Advantages, this Order of Battle is ſingularly con- 0 
venient and proper in other Reſpects. The Sails of each Gd ar 3 
diſpoſed in ſuch a Manner as to counteract each other, ſo that the p. 
Ships in general neither advance nor retreat during the Action. 5 
By this Circumſtance they are enabled to retain their Stations with be 
reater Stability, and to proſecute the Battle with Vigour and Re- a 
13 yet without Perplexity and Diſorder. The Uniformity of 
of the Line will be preſerved, fo-that the Admiral's Orders may be Fe 
EE readily communicated by Signals from the Van ta the Rear. Fhe th 
Diſtreſs of any particular Ship that is diſabled, and rendered in- "a 
| capable to continue the Action, will be preſently diſcovered, and E. 
her Place accordingly ſupplied by one of the Ships in Reſerve. The it 
Circumſtances and Situation of the Enemy's Line will be ever open * 
to the View of the Commander in Chief, ſo that he may be en- pr 
abled ta convert any Diſaſter that may happen therein to his own * 
Advantage. NA . ; 
It may be Hedged, indeed, that the ſame Reaſons hold good C 
with Regard to the Enemy, to whom this Arrangement will be Dry 
equally benthcial, It may alſo be obſerved, that particular Occa- gil 
ions have rendered it neceſſary to break the Order of the Line, Nh 
"2 and that ſometimes this Expedient has been practiſed with equal 55 


Judgment and ducceſs. To the firſt of theſe Allegations — "fn 
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be anſwered, that in War, as well as in Politics, there are cer- 
tain general Rules abſolutely neceſſary to be obſerved by the hoſtile 
Powers: Rules which are founded on mutual Convenience, and 
authorized by the invariable Example of all Ages. Whatever tends 
to facilitate the Deſigns of the adverſe Parties on each other, or 
whatever operates to ſhorten the Period of War, and render it leſs 
deſtructive and fatal, are Objects which ought never to be diſ- 
regarded. Diſorder has not only a Tendency to protract the War, 
but to make it more bloody and ruinous, and to aggravate all the 
Calamities with which it is inſeparably attended. Perhaps this Ob- 
ſervation is particularly applicable to our preſent Purpoſe; unleſs 


the Conſequences of Diſorder in a Sea Fight, as related above, 


ſhould rather be conſidered as the Creation of Fancy than a Re- 
cital of Facts naturally reſulting from known Cauſes. Although pe- 
culiar Circumſtances have ſometimes, by their Succeſs, juſtified the 
Meaſure of engaging an Enemy's Fleet without forming the Line; 
or after the Line has been ſeparated; there is nevertheleſs very 
few Operations in War that require greater Delicaey and Vigilance, 
if the hoſtile Fleets are very near to each other. Perhaps no military 
Enterprize can be attended with greater Hazard, or with fewer 


Ships im a very ſhort time covers the Scene of Action with a Cloud 
of Smoke, which is conſtantly accumulating. The Winds that en- 
able the two Fleets to approach cach other are ſoon become ex- 
tremely feeble, or perhaps perfectly lulled, by the Exploſions of 
a vigorous Cannonade: They are of Courſe incapable any longer 
to diſſipate the Smoke, which then darkens the Air, and is almoft 
impenetrable to the Eye. If in this Situation the hoſtile Ships are 
promiſcuouſly ſcattered amongſt each other, it is eaſy to foretel 
the Miſchief, Perplexity, and Diſtraction to which the Whole will 
be inevitably expoſed, Not only is the moſt comprehenſive Skill 
of the Commander in Chief rendered uſeleſs ; the ſmaller Ships, 
abandoned to their ill Fortune, may be tore to Pieces by ſuperior 
Force, without Relief or Succour : And, what is infinitely worſe 
than all, the Ships of the ſame Fleet may cannonade each other, 
with all the Reſolution and Spirit which they exert againſt their 
Enemies. If the Deſign of War is Conqueſt, and not Maſlacre, 


to a ſpeedy Iſſue, and decided by a Victory and Defeat, is unhappily 
protract.d into a Scene of Slaughter and Ruin, equally fatal and 
deciſive to both Parties. 3 VVV 
If then Diſorder and Confuſion are fraught with 3 
Conlequences in a naval Armament, it is no leſs certain that tlie 


principal Sinews of its ſtrength are Diſcipline, Regularity, Vi- 


gilance, and Activity. It has been already remarked, that 


Ships of the Line ſhould be ſufficiently. cloſe to ſuſtain each other; 
for if they are farther apart than thoſe of the Enemy's Line, many ' 


ungle Ships will ſuffer the Fire of 8 at once. Hence the Fleet 


it is thus totally perverted. The Battle, inſtead of being brought - 
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is rendered inferior to that of the Enemy, at the Onſet of Battle; 3 
Circumſtance which evinces the Superiority of larger Ships, ae- 
companied with weightier Metal. The Enemy is defeated by the 
Efforts of a more numerous and more powerful Artillery. 8 
Beſides theſe Advantages, the larger Ships are in other Reſpects 
hkighly preferable in a Line of Battle; they overlook thoſe of an 
inferior Rate, which are accordingly laid open to the Fire of their 
Muſquetry. In a high Sea they can more ſafely employ the Artil- 
lery of their lower Deck than a ſmaller Ship; and if both are 
obliged to ſhut their Lower Deck Ports, the Advantage. of the 
three-decked Ships, with regard to their Cannon, will yet be con- 
Kiderable. They have three Tiers againſt two, and two againſt 
one; the ſame Superiority fubſiſts in cafe they ate difmaſted, or 
when the upper Deck is incumbered with the Ruins. 5 
The large Ships, being higher between Decks, are leſs incom- 
moded with the Smoke, and their Cannon are managed with 
greater Facility. 

The large Ships, having greater Solidity of Frame, are better 
calculated to reſiſt the Effects of Battle and Tempeſt. In general 
alſo they ſail better than the fmall ones, except in fine Weather; 
for in a freſh Wind, when the Sea becomes agitated, they have al- 


ways a Superiority. | | | 
©- The Fire-ſhips do not ſucceed fo well againſt large Ships as the 
ſmaller ones; the Artillery will fink them, or oblige them ſooner 
to relinquiſh their Deſign, and they are eafily towed away by the 
great Long-boats. 7 PI 

The Line of a Fleet, which has Abundance of capital Ships, 
need not be ſo much incloſed as that of an Enemy who has fewer, 
The former may be alſo leſs numerous without being weaker, 

An open Line will, on many Occaſions, work more eaſily than 
one which is more incloſed ; and, if it is leſs. numerous, the Move- 
ments thereof are more expeditious, the Signals better attended, 

the general Order more exactly preſerved, and the Ships leſs liable 
to be ſeparated. Hence it will be leſs embarraſſed by a Change of 
'Wind, and the Order will be ſooner re-eſtabliſhed. | 
A leſs numerous Line will more readily approach or eſcape from 
an enemy or a hoſtile Shore; and, finally, when cruiſing in a 
ſmaller Space, it will not be ſo much contracted, 

From the preceding Reflections it reſults, that the Line which 
"contains more capital Ships will be ſtronger than one more nu- 
merous, if compoſed of ſmaller Ships. This Reflection, however, 
does not exclude a certain Number of the third and fourth Rates, 
Which is neceſſary in all naval Armaments. | 158 2 
As the hoſtile Fleets are drawn up in two oppofite Lines, with 
their Sides to the Wind, it is evident that one muſt be to the Lee- 

Ward of the other. Both Situations, however, have thieir De- 
fects as well as Advantages. „„ „ 
The Advantages of a Weather-line are generally, that it ma 

5 Sg approa 


The Fire and Smoke of the Weather- 
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approach the Enemy ſo as to determine the Time and Diſtance of 
Action. If it is more numerous than the Lee-line, it may eaſily 
appoint a Detachment to fall on the Van and Rear of the latter, 
and incloſe it between two Fires. It is little incommoded by the 
Fire or Smoke of the. Cannon, and may diſpatch the Fire-ſhips, 
under Coyer of the Smoke, upon the diſabled. Ships of the -Lee- 
line, or whereſoever they may occaſion Perplexity and Diſorder, 


by obliging the Enemy to break the Line and bear away. 


The Weather-line has, nevertheleſs, its Defects, which ſome- 
times counterbalance the Advantages above-recited, If the Sea is 
rough and the Wind boiſterous, it cannot readily fight with the 


| Lower-deck Battery: it cannot decline the Action without the dan- 


gerous Expedient of-forcing through the Enemy's Line; and, if it 
keeps the Wind, the Lee-line may incloſe and totally deſtroy it, 
eſpecially if it is inferior in Number to the latter, or if the Ships 
thereof are in bad Condition; for it then can find no other Re- 


ſource but in the Dexterity of its Manceuvres, unleſs it is favoured 


by Wind or any Overſight of the Enemy. The diſabled Ships of 


the Weather-line muſt tack to avoid falling into the Enemy's Fleet ; 
te 


and if they are much ſhattered they may be altogether*ſepara 
from their own Fleet, particularly if they are in the rear of the Line, 
The Line to Leeward has alſo its Advantages, which have occa- 


ſionally been preferred to thoſe of the Weather-line, The Ships 


of the former may uſe the Guns of their lower Necks, without 
the Hazard of taking in much Water at the Ports in ſtormy Wea- 
ther; whereas the Line to Windward dares not open them with- 
out the greateſt Danger, If the Lee-line, although more nu- 
merous, cannot ſo eaſily double upon the Van and Rear of the 


Enemy, and incloſe them between two Fires, it may nevertheleſs 


have Opportynities of tacking, and cutting off a Part of the 
Enemy's Rear, bY obliging them to' bear away or ſeparate from 
the Reſt. The diſabled Ships to Leeward are much more readily 


removed from the Line than thoſe to Windward, without being 


obliged to tack and continue expoſed to the Enemy's Fire, they 
bear away and remain at a competent Diſtance from the Fleet in a 
State of Safety; finally, the Lee-line can with more Facility avoid 
the Action than its Adverſary, a Circumſtance which is extremely 
favourable ta an inferior Squadron, 


The Defects of the Lee-line, on the contrary are, that it can- 


not decide the Time and Diſtance of the Battle, which may com- 
mence before it is ſufficiently formed, and it will perhaps be at- 
tacked by an Enemy, who bears away upon it in regular Order. 

| line are a greater Inconve- 
nience to it, and it cannot eaſily break the Enemy's Line with its 
Fire-ſhips, which are very flow y and with great Difficulty cons 
veyed to Windward. 5 | 

It muſt be remarked, that the Admiral's Ship attentively preſerves 


her Station in the Center of the Line; for if the Commander in 
| by EY 
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thoſe under his Direction, it would introduce an endleſs Diſorder 

. Into the Squadron. ; THIS Gat 
n an rent the Ships are generally brought to with the 
Main- top-ſails 


THE MANNER OF AN ENGAGEMENT, 


0 AVING ſhown how to Form the Line, the next Thing ne- 
| ceſſary to be known is the Manner of an Engagement at 
. . LY, 3 

The whole Oeconomy of a naval Engagement may be arranged 
under the following Heads; viz. the Preparation, the Action, and 
the Repair or Refitting for the Purpoſes of Navigation. | 
= The Preparation is begun by iſſuing the Order to clear the Ship 
for Action, which is repeated by the —— and his Mates at all 
the Hatchways, or Staircaſes, leading to the different Batteries. 
As the Management of the Artillery in a Veſſel of War requires a 
"conſiderable Number of Men, it 1s evident that the Officers and 
Sailors muſt be reftrained to a narrow Space in their uſual Habita- 
tions, in order to preſerve the internal Regularity of the Ship. 
Hence the Hammocks, or hanging Beds, of the latter, are crouded 
together as cloſe as poſſible between the Decks, each of them be- 
ing limited to the Breadth of fourteen Inches. They are hung 

Parallel to each other in Rows, ſtretching from one Side of the 
Ship to the other nearly throughout her whole Length, ſo as to ad- 
mit of no Paffage, but by ſtooping under them; as the Cannon 
therefore cannot be worked while the Hammocks are ſuſpended in 

this Situation, it becomes neceſſary to move them as quick as poſ- 

ſible. By this Circumſtance a double Advantage is obtained; the 

Batteries of Cannon are immediately cleared of an Incumbrance, 

and the Hammocks are converted into a Sort of Parapet to pre- 

vent the Execution of ſmall Shot on the Quarter-deck, Tops, and 

Forecaſtle. At the Summons of the Boatſwain, Up all Ham- 

«© mocks,” every Sailor repairs to his own, and, having, ſtowed his 

\ Bedding properly, he cords it up firmly with a Laſhing, or Line 

provided for that Purpoſe.” He then carries it to the Quarter- deck, 

E Poop, or Forecaſtle, or wherever it may be neceſſary. As each 

Side of the Quarter-deck and Poop is furniſhed with a double 
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fary Preparations being completed, and the Officers and Crew 
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Net-work, ſupported by Iron Cranes fixed immediately above the 
Gunnel, or Top of the Ship's Side, the Hammocks thus corded are 


firmly ſtowed by the Quarter-maſt between the two Parts of the 


Netting, ſo as to form an.excellent Barrier; the Tops, Waiſt, or 


Forecaſtle are then fenced in the ſame Manner. 


Whilſt theſe Offices are performed below, the Boatſwain and his 
Mates are employed in ſecuring the Sail-yards to prevent them 
from tumbling down when the Ship is cannonaded, as ſhe might 
thereby be diſabled, and rendered incapable of Attack, Retreat, or 


Purſuit. The Yards are now likewiſe ſecured by ſtrong Chains, or 
Ropes, additional to thoſe by which they are uſually ſuſpended. 


The Boatſwain alſo provides the neceſſary Materials to repair the 
Rigging wherever it may be damaged by the Shot of the Enemy 

and to ſupply whatever Parts of it may be entirely deſtroyed. The 
Carpenter and his Crew in the mean while prepare his Shot-plugs 
and Mauls to cloſe up any dangerous Breach that may be made near 
the Surface of the Water, wy provide the Iron- work neceſſary ts 


refit the Chain-pumps in caſe their. Machinery ſhould be wounded 


in the Engagement. : | 
The Gunner, with his Mate and Quarter-gunners, is buſied in 
examining the Cannon of the different Batteries, to ſee that their 
Charges are thoroughly dry and fit for Execution, to have every 
Thing ready for furniſhing the great Guns and ſmall Arms with 
Powder as ſoon as the Action begins, and to keep) A ſufficient 
Number of Cartridges continually filled to ſupply the Place of 
thoſe expended in Battle. The Maſter and his Mates are attentive 
to have the Sails properly trimmed according to the Situation of 
the Ship, and to reduce or multiply them, as Occaſion requires, 
with all poſſible Expedition, "The Lieutenant viſits the different 
Decks to ſee that they are effectually cleared of all Incumbrance, 


ſo that nothing may retard the Execution of the Artillery, and to 


enjoin the other Officers to Diligence and Alertneſs in making the 
neceſſary Diſpoſitions of the expected GE, ch ſo that ever 
Thing may be in Readineſs at a Moment's Warning. „ a? 
When the hoſtile Ships have approached each other to a com- % 
n Diſtance, the Drums beat to Arms, the Bqatſwain and his a 
ates pipe all Hands to Quarters at every Hatchway. All the Per- 
ſons appointed to manage the great Guns immediately repair to 


their reſpective Stations. The Crows, Handſpikes, Rammers, 


ppunges, Powder-horns, Matches, and Train-tackles, are placed 
in Order by the Side of every Cannon. The Hatches are immedi- 
ately laid to prevent any one from deſerting his Poſt by eſcaping 
into the lower: Apartments. Ihe Marines are drawn up in Rank 
and File on the Quarter-deck, Poop, and Forecaſtle. The Laſhing 
of the great Guns are caſt looſe, and the Tompions withdrawn. 
The whole Artillery, above and below, is run out at the Ports, 
and levelled to the Foint-blank Range ready for firing. The neceſ- 


ready 
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ready at their reſpective Stations to obey the Order; the Com 
mencement of the Action is determined by the mutual Diſtance 
and Situation of the adyerſe Ships, or by the Signal of the Com- 


mander in Chief of the Fleet or Squadron. The Cannon being 
levelled in parallel Rows projecting from the Ship's Side, the was, 
natural Order of Battle is evidently to range the Ships a-breaſt of 


each other, eſpecially if the Engagement is general. The moſt 
convenient Diſtance is properly within the Point-blank Range 
of a Muſket, ſo that all the Artillery may do effectual Execution. 

The Combat uſually * by a vigorous Cannonade, accom. 
panied with the whole Efforts of the Swivel-guns and the ſmall 
Arms. The Method of firing in Platoons, or Vollies of Cannon 
at once, appears inconvenient in the Sea-ſervice, and perhaps 
ſhould never be attempted unlefs in the Battering of a Fortifcation. 
The Sides and Teck of the Ship, although ſufficiently ſtrong for 


all the Purpoſes of War, would be too much ſhaken by ſo violent 


an Exploſion and Recoil, The general Rule obferyed on this Oc- 
ſion throughout the Ship is to. load, fire, and ſpunge the Guns 
with x5 ay Expedition, yet without Confuſion or Precipita- 
tion. 
only when the Piece is properly directed to its Object, that the 
Shot may not be fruitleſsly expended. The Lieutenants who 
command the different Batteries traverſe the Deck to ſee that the 
Battle is proſecuted with Vivacity, and to exhort and animate the 
Men to their Duty. The Midſhipmen ſecond the Injunctions, and 
ive the neceſſary A ſſiſtance, wherever it may be required, at the 
Giles committed to their Charge, "The Gunner ſhould be paxticu- 
larly attentive that all the Artillery-is ſufficiently ſupplied with 
Powder, and that the Cartridges are carefully conveyed along the 
Decks in covered Boxes. The Havock produced by the Continua- 


tion of this mutual Aſſault may be readily conjectured by the Rea- 


der's Imagination; battering, penetrating, and ſplintering the 
Sides and Decks, ſhattering or diſmounting the Cannon, mangling 
or deſtroying the Rigging, cutting aſunder or carrying away the 


Maſts and Yards, piercing and fearing the Sails, ſo as to render 


them uſeleſs, and wounding, difabling, or killing the Ship's Com- 
pany. The comparative Vigour and Reſolution of Aſſailants ta 
effect theſe pernicious Conſequences in each other generally deter- 
mine their Succeſs or Defeat. I ſay generally; becauſe the Fate 
of the Combat may ſometimes be decided by an unforeſeen Incident, 
equally fortunate for the one and fatal to the other ; the defeated Ship 
having acknowledged the Victory by ſtriking her Colours, is im- 
mediately taken Poſſeſſion of by the Conqueror, who ſecures her 
Officers and Crew as Priſoners in his own Ship, and inveſts his 
principal Officer with the Command of the Prize until a Captain 18 
„ the Commander in Chief. 


- 


"he Engagement being concluded, they begin the Repair ; the 


Cannon are ſecured by their Breechings and Tackles with all con- 


venient 


e Captain of each Gun is particularly enjoined to fire 


r purged . A „ 
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AN ENGAGEMENT. 239 
venient Expedition. Whatever Sails have been rendered unſers 
viceable are unbent, and the wounded Maſts and Vards ſtruck 
upon the Deck and fiſhed or replaced by others. The ſtanding 
Rigging is knotted, and the running Rigging ſpliced wherever ne · 
ceſſary. Proper Sails are bent in the Room of thoſe which have 
been diſplaced as uſeleſs. The Carpenter and his Crew are em- 

ployed in repairing the Breaches made in the Ship's Hull by Shot- 
plugs, Pieces of Plank, and- Sheet-lead. The Gunner and his 
Aſſiſtants are buſied in repleniſhing the allotted Number of charged 
Cartridges to ſupply the Space of thoſe which have been ex- 
pended, and in refitting whatever Furniture of the Cannon may 
bave been damaged by the late Action. 8 | Ky 
Such is the uſual Proceſs.and Conſequences of an Engagement 
between two Ships of War, which may be eonſidered as an Epi- 
tome of a general Battle between Fleet or Squadron. The latter, 
however, involves a greater Variety of Incidents, and neceffarily 
requires more comprehenſive Skill and Judgment in the Command- 
ing Officer. | | : 5 
When the Admiral or Commander in Chief of a naval Arma- 
ment nas diſcovered an Enemy's Fleet, his principal Concern is 
uſually to approach it, and endeavour to come to Action as ſoon as 
poſſible ; every inferior Conſideration muſt be ſacrificed to this im- 
portant Object, and every Rule of Action ſhould tend to haſten 
and prepare for ſo material an Event. The State of the Wind and 
the Situation of his Adverſary will, in ſome Meaſure, dictate the 
Conduct neceſſary to be purſued with regard to the Diſpoſition of 
his Ships on this Occaſion. To facilitate the Execution of the 
Admiral's Orders the whole Fleet is ranged into three Squadrons, 
each of which is claſſed into three Diviſions, under the Command 
of different Officers; before the Action begins the adverſe Fleet is 
commonly drawn up in two Lines parallel to each other and cloſe 
hauled. We have endeavoured to explain the Propriety and Ne- 
ceſſity of this Diſpoſition in forming the Line; as ſoon as the Ad- 
miral diſplays the Signal for the Line of Battle, the ſeveral Di- 
viſions ſeparate from the Columns, in which they were diſpoſed in 
the uſual Order of ſailing, and every Ship crowds into its Station 
in the Wake of the next a-head, and a proper Diſtance from each 
other, which is generally about 50 Fathoms, is regularly obſeryed 
from tit Van to the Rear. The Admiral, however, will oc&ca- 
ſionally contract or extend his Line ſo as to conform to the Length 
of that of his Adverſary, whoſe Neglect or inferior Skill on this 
Occaſion he will naturally convert to his own Advantage, as well as 
to prevent his own Line from being doubled, a Circumitance which 
might throw his Van to the Rear into Confuſion. LN 
When the adverſe Fleets approach each other, the Courſes are 
commonly hauled up in the Brails and the Top-gallant-ſails, and 
Stay-ſails furled. The Movement of each Ship is chiefly regulated 
by the Main and Fere-top-ſails and the ib, the Mizen-top-ſail be- 
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ing reſerved to haſten or retard the Courſe of. the Sbip; and; in 
fine, by filling or backing, hoiſting or lowering it, to determine her 
Velocit _ 15 o ba . 
̃ The F rigates, Tenders, and Fire-ſhips, being alſo hauled upon 
a Wind, lie at ſome Diſtance ready to execute the Admiral's Orders, 
or thoſe of his Seconds, leaving the Line of Battle between them and 
the Enemy. If there are any Tranſports and Storeſhips attendant 
on the Fleet, theſe are diſpoſed till farther diſtant from the Action; 
if the Fleet is ſuperior in Number to that of the Enemy, the 
Admiral uſually ſele&s a Body of\ Reſerve from the different Squa- 
drons, which will always be öf Uſe te cover the Fireſhips, 
Bomb-veſlels, &c. and may fall into the Line in any Caſe of Ne- 
ceeſſity; theſe alſo are ſtationed at a convenient Diſtance from 
- the + oh and ſhould evidently be oppoſite to the weakeſt Parts 
thereof. 4 | 35 | 28 E 
And here it may not be improper to obſerve, that Order and Diſ- 
eipline give additional Strength and Activity to a Fleet. If thus a 
double Advantage is acquired by every Fleet, it is certainly more fa- 
vourable to the inferior, which may thereby change its Diſpoſition 
with greater Facility and Diſpatch than one. more numerous, yet 
without being ſeparated. When good Courage is equal to bath, good 
Order is then the only Reſource of the ſmaller Number. Hence we 
may infer that a ſmaller Squadron of Men of War, whoſe Officers 
are perfectly diſciplined in working their Ships, may, by its ſuperior 
Dexterity, vanquiſh a more powerful one, even at the Commence- 
ment of the Fight; becauſe the latter, being leſs expert in Order 
of Battle, will, by its Separation, ſuffer many of the Ships to remain 
uſeleſs, or not ſufficiently near to protect each other. 1 9 
The Signal for a general Engagement is uſually diſplayed when 
the oppoſite Fleets are ſufficiently within the Range of Point- blank 
ſhot, ſo that they may level the Artillery with Certainty of Exe- 


| eution, which is near enough for a Line of Battle. The Action is 


begun and carried on throughout the Fleet in the Manner we have 
-alieady deſcribed between ſingle Ships; at which Time the Admiral 
carries lighter Sail, obſerving, however, to regulate his Motions by 


. thoſe of the Enemy. The Ships of the Line meanwhile keep 
_. cloſe in thir Stations, none of which ſhould heſitate to advance in 


their Order, although interrupted by the Situation of ſome Ship 
a-head, which has negligently fallen a-ſtern of her Station 
Such is now the Practice of naval War, that the neceſſary Or- 
der of Battle, and the Fabric of our Ships, very ſeldom permit the 
Aſſault of Boarding, unleſs in ſingle Actions. No Captain ought, 
therefore, to abandon his Station in the Line under any Pretence 
whatſoever, unleſs his Ship is too much diſabled to continue the 
_ Combat. \ The ſmall 8 of Sail carried on this Occaſion 
will permit the Bulk of the Fleet, although ſomewhat impaired, 


1 continue their Cannonade a long Time without quitting the 
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An Ambition to diſtinguiſh himſelf ſhould never ſeduce an 
Captain to break the Line, in order to atchieve any diſtant Enter=. - 
prize, however the Proſpe& may flatter him with Succeſs. He 
ought to wait the Signal of the Admiral, or his: ya, 7 
Officer z becauſe it is more eſſential to preſerve the N . 
a cloſe Line, which conſtitutes the principal Force of the Fleet, 


than to proſecute a particular Action, which, although brilliant in 


itſelf, has ſeldom any material Conſequences, unleſs its Object is to 
ſeize a Flag-ſhip ; and even this can only be juſtified by Succeſs. 
The various Exigencies of the Combat call forth the Skill and 
Reſources of the Admiral, to keep bis Line as complete as poſſible, 
when it has been uncqually attacked, by ordering dhips from thoſe 
in Reſerve to ſupply the Place of others which have ſuffered greatly 
by the Action, by directing his Fireſhips at a convenient Time to 
fall aboard the Enemy, by detaching Ships from one Part of the 
Line or Wing, which is ſtronger, to another which is greatly 


preſſed by ſuperior Force, and requires Aſſiſtance. His Vigilance 


is ever neceflary'to review the Situation of the Enemy from Van to 
Rear, every 3 of : whom he ſhould, if poſſible, anticipate 
and fruſtrate. He ſhould ſeize the favourable Moments of Occa- 

ſion, which are rapid in their Progreſs, and never return; far 
from being diſeoncerted by any unforeſeen Incident, he ſhould en- 


deavour, if poſſible, to make it ſubſervieat to his Deſigns. His 


Experience and Reflection will naturally furniſh him with every 


Method of Intelligence to diſcover the State of his different Squa- = 
drons and-Diviſions, Signals of Enquiry and Anſwers of Requeſt, 


and Aſſent of Command and Obedience, will be diſplayed and re- 


peated on this Occaſion. Tenders and Boats will alſo continually: 


be detached between the Admiral and the Commanders of. the 
ſeveral Squadrons or Diviſions...  _ | WEE. 
As the Danger preſſes on him he ought to be fortified by Reſo- 
lution and Preſence of Mind, becauſe the whole Fleet is com- 
mitted to his Charge, and the Conduct of his Officers may, ina 
ay Degree, be influenced: by. his Intrepidity and Perſeverance. 
= ſhort, his Renown or Infamy may. depend on the Fate of the 
If he conquers in Battle, he ought to proſecute his Victory as 
much as poſſible, ſeizing, burning, or. deſtroying the Enemy's 


Ships. If he is defeated he ſhould endeavour, 3 Hob Reſource 


his Experience can ſuggeſt, to ſave as many of bis Fleet as poſj- | 
ſible, by  emplo) ing his Tenders, &c. to tai put the wounded 


ens diſabled Ships to 
a competent Diſtance, and by preventing the 1 

Enemy's Eireſhips. In order to retreat with more Security he may 
range his Fleet into the Form of a Half Moon, placing himſelf in 
the Center; by this Diſpoſition the Enemy's Ships which attempt 
to fall upon his Rear, will at once 5 themſelves to * ; 
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the Admiral and his Seconds in a diſadvantageous Situation; a'Cir. 
eumftance which will ſerve to facilitate the Eſcape of his own ñ⁵ 
Ships, and retard the Purſuit of thoſe of his Adverſaryg,  * 
F his Fleet is too much extended by this Arrangement, the 
Wings or Quarters are eaſily cloſed, and the Half-moon rendered 
more complete, in the Mia of which may be placed his Store- 
ſhips, Tenders, &c. In flying or retreating the Uncertainty of the 
Weather is to be conſidered; it may become calm, or the Wind 
may ſhift in his Favour. His Schemes may be aſſiſted by the Ap. 
proach of the Night, or the Proximity of the Land, ſince he 
ought rather to run the Ships on Shore, if practicable, than ſuf- 
fer them to be taken afloat, and thereby tranfser additional Strength 
to the Enemy. In ſhort, nothing ſhould be neglected that may 
contribute to-the Preſeryation of his Fleet, or prevent any Part of 
it from falling into the Hands of the Conqueror, 5 
By what we have obſerved, the real Force or Superiority of a 
Fleet conſiſts leſs in Number of Veſſels and the Vivacity of the 
Action, than in geod Order, Dexterity in working the Ships, 
Preſence of Mind, and ſkilful Conduct in the Captains. A 
The Stratagem of Boarding is chiefly practiſed by Privateers 
upon Merchant-ſhips, who are not fo well provided with Men, and 
_ attempted in the Royal Navy; the Battle being generally de- 
eide * Men of War by the vigorous Execution of a cloſe Can- 
nonade, F | | 
An Officer ſhould maturely conſider the Danger of boarding a 
Ship of War before he attempts it, and be well aſſured that his 
Adverſary is weakly manned ; for perhaps he wiſhes to be boarded, 
and if ſo, a great Slaughter will neceſſarily follow. . 
The Swell of the Sea ought alſo to be conſidered; becauſe it 
| w_ run ſo high as'to expoſe both the Ships to the Danger of 
nking. | . e 
There is perhaps very little Prudence in boarding a Ship of equal 
Force, and when it is attempted it may be either to Windward or 
to Leeward, according to the comparative Force or Situation of 
the Ships; if there be any Swell or Sea it may be more adviſeable 
to lay the Enemy aboard on the Lee-ſide, as the Water is there the 
ſmootheſt; beſides, if the Boarder is repulſed, in that Situation he 
may more eaſily withdraw his Men, and ſtand off from hi Ad- 
verſary ; but as the Weather-ſhip can generally fall to Leeward at 
any Time, it is perhaps more eligible to keep to Windward, by 
which ſhe will be enabled to rake her Antagoniſt, and fire the 
Broad-ſide ints her Stern as ſhe croſſes it in paſſing to Leeward, 
"ow will do great Execution amongſt her Men by ſesuring the 
e Length af the Deck. UE 


- Boarding may be performed in different Places of the Ship, ac 
2 the Circumſtanses, Preparation, and Poſition of both 
ailants, having previouſly ſelected a Number of Men armed 


the A 


) with 


1 WW 2 P * 


pended from his Vard- arms or 


thrown upon the Deck of the Enemy, where they burſt and cate 


Retreat when a Ship is boarded by her Adverſary, and are there- 


ner of ſurveying the ſeveral Coaſts, and copy 


tained than formerly, it is hoped more accurate Maps will be made, 
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with Piſtols and Cutlaſſes, a Number of Powder-flakes or Flaſks, 
charged with . Gunpowder; and fitted with a Fuſe, are alſo pro- 
vided to be thrown. upon the Enemy's Deek immediately before the 
Aſſault. Beſides this the Boarder is generally furniſhed with an 
earthern Shell called a Stink-pot, which on that Occaſion is fuſ- 

ron 3 The Machine is alſo 
charged with Powder mixed with other inflammable and ſuffocat- 
ing Materials, with a lighted Fuſe at the Aperture. Thus pre- 


a 


pared for the Action, and, having grappled his Adverſary, the 


Boarder diſplays his Signal to begin the Aſſault; the Fuſes of the 


+ 


Stink-pot and Powder-flaſks being lighted, they are. 2282 


Fire, producing an intolerable Stench and Smoke, and filling the 
Deck with Tumults and Diſtraction; amidſt the Confuſion ocar 
ſioned by this infernal Apparatus, the Detachment provided ruſh 
aboard Sword in Hand, under Cover of this Smoke, on their An- 
tagoniſt, who is in the ſame Predicament with a Citadel ſtormed by 
the Beſiegers, and generally overpowered, unleſs he is furniſhec 
with extraordinary Means of Defence, or equipped with Cloſe- 
quarters, to which he can retreat with ſome Probability of Safety. 
Cloſe- quarters are. ſtrong Barriers of Wood, ftretching acroſs - 
a Merchant-ſhip in ſeveral Places. They are uſed as a Place of 


fore fitted with ſeveral ſmall Loop-holes, through which to fire 
the ſmall Arms, whereby the Ship's Crew may defend themſelves 
and annoy the Enemy. They are likewiſe furniſhed with ſeveral 


ſmall Caiſſoons called Powder-cheſts, which are fixed upon the | 3 


5 


Deck, and filled with Powder, old Nails, &c, and may be fired at 
any Time from the Cloſe-quarters upon the Boarders, * 
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The Manner of Surveying Sea Coaſts and 
Z „ 
T is a general Complaint among Seamen, that few Sea Charts 
are found correct; and this perhaps may be owing to the Man- 


| from old Sea 
Charts; but as the Longitude of Places can now be better aſcer- 


as they are ſo very eſſential to the Mariner; who may, from the 
following Hints, either correct the Charts that are extant, or make 
new ones of his own, of thoſe Parts he may have Oecaſion to ſail 


by, or touch at. 
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From what has been already faid in Oblique Sailing, an intelli- 

| nt Reader may ſee how the Buſineſs of taking the Bearing of 
Part of a Coaſt, and of plotting or delineating it might be done; 
but as there are ſome Particulars which can be gained only by Ex- 
perience in the. Art of Surveying, it may not be improper to apprize 
the Learner of them, and thereby qualify him to go more readily 
. b ELITE oo Be row co Fo Sn, 


Io take the Draught of a Coaſt in ſailing along it. 


- 1ſt. Having brought the Ship to a convenient Place, from whence 
the principal Points of the Coaſt or Bay may be ſeen, either caſt 
Anchor, if it is convenient, or lie to as ſteady as poſſible; or if the 
Coaſt is too ſhoal, let the Obſervations and Meaſures be done in a 
Boat: Then while the Veſſel is in a ſtationary Situation, take 
with the Azimuth Compaſs, the Bearings, in hes. of ſuch 
Points of the Coaſt as form'the moſt material Projections or Hol- 
Jows; write down theſe Bearings, and make a rough Sketch of 
the Coaſts, obſerving carefully to mark the Points whoſe Bearings 
were taken with Letters for the Sake of Reference. 5 
Then let the Ship or Boat run in a direct Line, which muſt be 
very carefully meaſured by the Log or otherwiſe, one, two, or 
three Miles, more or leſs, until ſhe comes into a Situation from 
whence the ſame Points before obſerved can be ſeen again; there 
let the Veſſel lie ſteady as at the foregoing Station; and again ob- 
ſerve the reſpective Bearings in Degrees of the ſame noted Points, 
which are alſo to be wrote down, and a rough Sketch of the Coaſt 
ſhould alſo be taken from this Station; for which Purpoſe prepare 
an Obſervation Table, in which write diſtinctly and regularly the 
ſeveral celeſtial Obſervations, Bearing, Diſtance meaſured by the 
Log-line, Rocks, Shoals, Soundings, Overfalls, Races of Tides, and 
other Remarks that may be made along the Coaſt. The Table 
7 —_ conſiſt of ſeven or eight Columns, diſpoſed in the following 
Order. PASS. VVV e 18 Tp PORN od 1 
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While the 


AND 


Veſſel is running the Baſe Line from Station to Sta- 


tion, more accurate Appearance of the Coaſt ſhould be made. To 

do which, let four expert Perſons be appointed; one to take the 
Bearing exactly with the Azimuth Compaſs; one to overſee the 
running out of the Log- line, and to keep an Account of the Ship's 
Way, ſo as to be readily able to tell the Diſtance run when required; 
the third to attend the Heaving of the Lead, to write down the; 
Soundings and Bearings df one or two Head Points or remarkable 
Parts of the Coaſt taken at each Depth; the fourth a Draughtſ- 
man, to draw out the neceſſary Bearings and Diſtances, and deli- 


neate the Figure and Windings of the Coaſt at each Station, and — h 
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246 . THE MANNER OP SURVEYMAG— 
correct their Forms and Dimenſions while the Ship is failin along 


the Land. Then let the ſeveral Bearings be corrected by the Va- i 
riation to reduce them to their true Poſitions. Then .M 
In ſome convenient Part of a Sheet of Paper deſcribe a Circle, | ] 
the larger the better, on which lay off the ſeveral: Bearings taken 
from the firſt Station, and let them be numbered 1, 2, 3, &c. on - 
the Outſide of the Circle: Alſo lay down the ſeveral Bearings taken Pp 
at the ſecond Station; let theſe be numbered 1, 2, 3, &c. on the 
Inſide of the Circle, obſerving that the Bearings of the ſame 1 
Points are numbered with the fame Figures. „„ 1 
Draw a Line to expreſs the Ship's Run both in Length and 2 
Courſe; and from that End of the Line expreſſing the firſt Station ad 
draw Lines parallel to the reſpective Bearings taken from that End, ” 
and marked on the Outſide of the Circle. Alfo from the other = 
End draw Lines parallel to the Bearing taken at that End, and vo 
note it on the Inſide of the Circle; * the Interſection of p 
each Pair of Lines, directed to the ſame Point with the Number 
annexed to their Bearing; and through the Interſection ſo marked | he 
draw by Hand a curved Line, obſerving to wave the Line in and 
| + out, as near as can be like the Bending of the Coaſt itſelf. * 
Againſt each Part draw the Appearance of the elevated or low L. 
Ground in the Sketches, diſtinguiſhing Rocks, Cliffe, or High po 
Land, Low Land, Sand Hills, &c. If there are any Currents or 2 
Eddies, expreſs them in their proper Places by Darts or Arrows, hy 
the Points being turned. that Way the Current ſets. Put in the _ 
ſeveral Soungings at Low-water in ſmall Figures, diſtinguiſhing ' 
whether Fathoms or Feet; / pa the Time of High-water, on the 15 
Full and Change Days, by Roman Figures, and tell the Riſe in m 
Feet: Put in a Compaſs, with a Scale of Miles or Leagues, ſuch as | h X 
the Veſſel's Run was laid down by; add the Name of the Place, the 4 
Coaſt, and the Latitude and Longitude, as true as can be obtained. 1 
; If there is a Shoal, or Sands on the Coaſt, let it be taken bya A 
Boat failing round it, and keeping an Accouut of the Courſes, Diſ- 2 
tances, and Soundings ; but to put in the Draught, the Boat muſt, * f 
from ſome Part of the Sand or Shoal, take the Bearings of two 8 
Points on the Coaſt, whoſe Bearings have been taken from the 
Ship: Or the Bearing of the Boat at ſome Part of the Shoal, or 

of ſome Beacon in that Place, muſt be taken by the Ship, at the i 
Stations where ſhe takes the Bearings of the Shore; for by either ? 
of theſe Means, one Point of the Sand þeing obtained, the reſt of en 
it can be laid down from the Boat's Account. 5 She 
If the Coaſt to be drawn is a Bay or Harbour, winding in ſuch 3 Es 
Manner that all its principal Points cannot be ſeen at two Stations, Tu 
let as many Baſes or Lines be run, and exactly meaſured, as may be 7282 
found neceſſary; obſerving that the ſeveral Diſtances run ſhould join Sta 
to one another in the Nature of Traverſe; that each new Set of Th 
Objects or Points obſerved ſhould be taken from two Stations at the Ma: 


End of a known Diſtance; and that the Objects, whoſe Bearings 
. i are 
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are taken, do not extend ſo much beyond the Limits of the Baſe, 
as to make Angles with it of leſs than about £ or 3 of a Point, but 


rather reſerve ſuch Objects for the next meaſured Baſe ; for when 
Lines lie very oblique to one another, their Interſections are not 


eaſily aſcertained. 


It any particular Parts of the Harbour cannot be conveniently 
ſeen from either of the Stations, take the Boat into thoſe Places, 
and having well examined them, make Sketches thereof, eſtimating 
the Length and Breadth of the ſeveral Inlets, either by the rowing 
or ſailing of the Boat, taking as many Bearings, Soundings, and 
other Notes as may be thought neceſſary; then annex theſe parti- 
cu/ar Views in their proper Places in the general Draught. : 

If there are any dangerous Sands or Rocks, beſides inferting 


them in their proper Places, there ſhould be a double Line drawn 


through that Point and one or more Objects aſhore ; and for this 
Purpoſe chuſe a Church, Mill, Houſe, noted Tree, a Clift, or any 
remarkable Thing that can be diſtinctly ſeen at Sea, and which can 
be brought to bear in the ſame right Line with the Point to be 
avoided ; but if that Point is under Water, there muſt be two 
Land Marks brought to bear with the Danger, either in a right 
Line, when it can be, or in two Lines ; and that thoſe two Lines, 
and that thoſe Land Marks may be put down in their proper Places, 
their Bearing muſt alſo be taken from two of the Ship's Stations. 
It ſhould be remarked in the Draught what Places, if any, are 

unfit for Anchorage, and what are fit, by writing rocky Ground, 
foul Anchorage, good Anchorage; and in the latter to draw the 
Figure of an Anchor. Alſo, if there is any particular Channel 


more convenient to ſail through than another, it is to be pointed out 


by Lines drawn to its Entrance from two or more noted Marks 
alhore, a | | 8 

The foregoing Method of ſurveying a Coaſt ſuppoſes in general, 
that it is taken by a Ship in her Paſſages along, not having an Op- 
portunity of going aſhore. But when Circumftances will permit 
the Meaſures and Obſervations to*be made on Land, the Survey 
can be taken more accurately than on the Water. 


To Survey a Harbour by Obſervations on Shore. 

Make an Eye Draught of the Place tobe ſurveyed ; and in going 
round its Coaſt fix in the moſt remarkable Points and Bends of che 
Shore Station Staves, or ſtrait Poles, tall enough to be ſeen at a 
conſiderable Diftance : But if at any of thoſe Places there is a noted 
Tree, Houſe, or any other remarkable Thing, that Obje& may 
ſerve inſtead of a Station Staff; and it will be convenient to black the 
Staves, and tie a Piece of white Bunting to the Top of each: 
Then in the Eye Draught put Leiters at the noted Points, or 
Mars, for Diſtinction ſake. | | 3 
8 DE Chuſe 


* 
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5 5e ly marked at the 


made on the Spot. 
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Cuhuſe the moſt level Spot of Ground, whierein a baſe Line may 
be meaſured, of one or more Half Miles in Length, or a Length 
of not leſs than a tenth Part of the Diſtance of the two extreme 
Objects marked for obſerving, and let the Direction of the mea- 


ſured Baſe Line be ſo laid out, that from both Ends of it as many 


as poſſible of the Station Staves before planted, or the Objects be- 


fore remarked, may be ſeen. The Bearing or Poſition of this Baſe 
muſt be well determined in Degrees and Minutes; and alſo its 
Length muſt be accurately meaſured to Feet and Parts, either by 
a meaſuring Chain, or by a Piece of Log-line of 100 Feet long, 
End of every 10 Feet, and each End 

ength marked at every Fot. V 
From one End of the Baſe obſerve (with any Inſtrument proper 


o 


to take Bearings) the Poſition or Bearing, in Degrees and Minutes, 


of all the Staves or Objects within View, and write them down 


| orderly ; do the ſame from the other End of the Baſe, and let all 


the Bearings be corrected by the Variation of the Compaſs. . 
_ Tien, theſe Meaſures and corrected Bearings, being plotted or 


laid down, will give the moſt conſpicuous Points of the Shore, the 


intermed-ate Spaces ale to be filled up from the Sketches of them 


* 


But if any of theſe Objects mould ſpread on either Hand ſo far 


beyond the Limits of the Baſe, that at either End thereof the 


other End, and thoſe Objects or Staves ſhould appear nearly in the 
ſame Direction, or to make Angles not exceeding about 10 De- 


grees: Or, if ſome of the remarked Objects can be ſeen from only 
one End of the Baſe, then let the Bearings of ſuch Objects be 
taken, from a Place whoſe Poſition has been determined from both 
Ends of the meaſured Baſe; or if there are ſeveral remarked Ob- 
jets, which cannot be ſeen from neither End of the Baſe Lines, 
let the Bearings of ſuch Objects be taken from each of two Points, 
whoſe Poſition has been taken from both Ends of the Baſe, Or 
it may on ſome Occaſion be proper to chuſe another Place, on 
which another Baſe of a convenient Length may be meaſured, and 
from the Extremities of which the Ends of the firſt Baſe may be 
ſeen; and alſo as many as can be of the remaining Objects which 


lay too oblique for the firſt Baſe, or which could not be ſeen from 


it. In ſuch Manner proceed, until the Bearings are taken of all 
the Points judged neceſſary for completing the Survey of the 
Limits of the Harbour -—,, | | | 

If a Baſe of a ſufficient Length cannot be meaſured in one right 
Line, it may be taken in two adjoining Lines, as the two Sides of a 
Triangle; the included Angle being accurately taken, and the 
Bearing of either Line, 4 
When the Outlines or Limits of an Harbour, Bay, Road, &c- 


dare delineated by the preceding Precepts ; the Appearances of the 


Shores, with the adjacent remarkable Objects correctly drawn; 4 
Compals, with the Variation and Scale properly fitted to the _ ; 
| | e 
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the Illes, Rocks, Sands, &c. marked in their proper Places; the 


Settling and Drift of the Currents and Tides; the Times of High- 
water on the Days of Full and New Moon, with the Riſe of Water 
at thoſe Times, and whether whole Tide, or Tide and Part; the 


beſt anchoring Places, with their Soundings at Low-water, and the 
Winds open to them; the beſt Frack, with the Soundings all tbe 
Way to thoſe anchoring Places; the proper failing Marks to avoid 


Dangers; the Winds, if any troubleſome ones, which prevail, and 
at what Seaſons; the Places where freſh Water can be got; the 
Name of the Place, the Country in; on what Sea; the Latitude 
and Longitude; a Sketch of the Appearance the Place makes at 
Sea upon a known Rhumb, and at an eſtimated Diftance ; and 
whatever elſe a judicious Seaman ſhall think proper to inſert ; then 


is the Plan fit for all nautical Purpoſes, and may be embelliſhed 


with proper Colours, if neceſlary. 
Sea Draughts taken according to the foregoing Precepts, and 
neatly drawn and coloured, beſides the real Uſe they may be of, 


cannot fail to recommend the young Mariner, who ſurveys and 
conſtructs them, to the Notice of his Superiors. | 


| To reduce a Draught toa larger or ld 


With a Black-lead Pencil draw the Draught to be reduced all 


over with croſs Lines, forming exact Squares: Draw the clean 
Paper for the Copy alſo ever with the ſame Number of Squares, 


but their Sides larger or ſmaller in Proportion to the ihtended Size 
of the Scale; ſuch as one-half, one-fourth, &c. of the Length of 


the other. Diſtinguiſh by a ſtronger Line and Mark with a Figure 


every fifth or ſixth Row of Squares in both, ſo that the ſeveral 
correſponding Squares may be readily perceived; then, in each 
of the Squares of the Draught, draw, by the Eye, a Curve en 
the Paper ſimilar to that in the Square in Draught, till the Whole 


. and then the Black-lead Lines may be rubbed out with 


To find the Height and Diſtances of Objects at Sea. 
When the Object is perpendicular, and the Diſtance to it can 


be meaſured, find the Angle of Altitude with a Quadrant, and 
meaſure the Diſtance to it as exact as poſſible, then you have the 


Angles and Baſe to find the Perpendicular ; or, if you go back- 


ward or forward until the Angle of Altitude be 45 the-Diſtance 
between you and the Object will be the perpendicular Height, 


FF 


Being 2 Fathoms from the Bottom of a Tower, I find its Al- 
titude (after allowing for the Height of my Eye above the Water) 
IS 107; required the Height ? 
| # 


; 
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with AB = 15100 A 
till it cuts BC 


Draw AB = 9. 
upon B erect the 
Perpendicular BC, 
making an Angle 


in C; then will B C be the Height of the Tower 26.2 
Is tothe Diſt. 96 1 [4 4nd e, 2 2 
8s is Tang. Ang. 1591 9.43305 


W 1 N 5 . 
| Torhe Hie 26% © "1.41535 
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10. ooo 


When the Object is not perpendicular, ſuch as Hills, Mountains 
Rocks, &c. the perpendicular Height may be found by obſerving 
the Altitude at any convenient Diftance, and then going either 
farther off or nearer to it in a ſtraight Line, and then obſerving 
the Altitude again. With theſe two Angles, and the Diſtance be- 


tween the two Stations, being carefully meaſured, the perpendi- 
. 18 Height may be found either by Geometry or Trigonometry. 


„E X A M F I. K. 
* Being at Sea, T obſerved the Altitude of a Mountain, and found 
it 83; and then, ſailing towards it in a direct Line 3 Miles, I found 
the Altitude of the ſame Mountain to be 12? w : Required the 
perpendicular Height; k SF ene 1 Ry en fs be | 4 = Ed's 


fn the FLO 
4 © © © Fg 
755 


Miles, or 5289 


| Yards, and at BG make the Angle DBC 12* 300, by drawing the 


Line B C to cut the Line AC in. C. From C let fall the Perpen- 
*dicular CP, which being meaſured will give the perpendicular 
Height of the Mountain 2027 Yards, To find which by Calcu- 


ation: | | 
'* Given the Angles DAC ge, and DBC=12® 30/; then 12* 30 


ſubtracted from 180 leaves Angle AKC 16% 300, which being 
added to Angle A, 87, the Sum 175? 30/ ſubtracted . from 180 
leaves the Angle ACB=4* 300, whence we have the Angles ; and 
dne Side AB 5280 given, to find the Side AC ; then it will be . 


— 20 N * 


+ "44? 


H 


* 5 ; 7 2 > # : 6: 
F r gon th. 4 3 | 2 
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As Sine Ang. BCA=4*30/ 8.89464) A Radius ,  16.60000 
s to the Side AB 5280 3.72263 Is to Side AC 14570 4.16333 
80 iS. An. AEB=167"30' 9.33534 , 8o in Sine An, AF", 9.44355 


—— — 


1.607% ToDC 2027 | 3.30688 - 
| 8.85484 the Ferpeudte Height * the 
To the Side AC 14570 4.163333 min 


* 
* 


In like Manner may the Height or Diſtance of any Seen or 1 
inacceſſible. Object be found, either at Sea ar on Shore; and the 1 
* may be taken with a Quadrant, Semi- circle, &c. : 


or, The Reaſon why Angle B is ſubtracted from 180? is, 
becauſe that when 4 Right Line meets with another Right Line 
and makes Angles; the two Angles will be equal to 180% (Euel. 


Of the Curvature of the Earth 


Ml0oſt Perſons know that if they are raiſed above the Surface of 
the adjacent Land or Water, they can not only ſee diſtant Objects 
that lie on that Surface better, but alſo ſee thoſe. more and more 
remote as they advance ny ek The Irregularity of the Surface 
of the Land will not be ſubjected to any one Rule that will give 
the Diſtance to which Objects may be ſeen at different Elevations; 
but at Sea, Where there is generally an uniform Curvature of the 
Water, upon the Suppoſition of the ſpherical Figure of the Earth, 
thoſe Diſtances may be eaſily computed. _ „5 
RuLE, To the Earth's Diameter add the Height of the Eye, 
multiply the Sum by that Height; then the Square Root of tlie 
Product is the Diſtance at which an Object on the Surface of the 
Water can be ſeen by an Eye ſo elevated; and by this Rule was the 
Table annexed somputed, the Diameter of the Earth being taken 
at 41798117 Feet, according to Sir Iſaac Newton's Meaſures, 


This Table may be uſefully applied to eſtimate the Diſtance of an 
) Object at Sea; the Elevation of that Object above its Horizon being 
30 known. I ; ; 8 : 
ar - 8 | 5 | | 

u- Sailing towards a Head-land, on which is a Light-houſe, ele- 


vated 600 Feet above the Surface of the Water, we ſaw the Lights 


30 at Night juſt appearing in the Horizon. How far were we at that 

g Time diſtant from the Light-houſe ? 5 | 

0 Look in the Table for 600 Feet, in the Column marked Height | . 
and in Feet, and right againſt it, in the Column marked Diſtance in 


Miles, fands 29.994, ſo that the Diſtance may be reckoned about 
As 30 Miles, 5 1 


: | ets = EXAMPLE 


— 


as #: 
, 


. Being in Company with ſome Merchants walking on a ſandy * 


Shore, on the Lopk-out for a Veſſel which was then expected, 


whoſe Top-gallant Maſt was 140 Feet above the Surface, Allowance 
being made for her Immerſion in the Water ; we obſerved, through 
a Teleſcope, a Ship's Vane juſt 1 in the Horizon: How far 
off is that Ship, ſuppoſing it the Veſſel expected? 


4 


1 Anowen, Aging 140 Feet, the Height ſtands 14 488, that is 


her Diſtance, Here is no Allowance made for the Height of the 
Eye above the Horizon ; but it is obvious, that'the higher the Eye 
the farther it can ſee. Now as Objects are ſeen in a ſtraight Line, 
and that Line is a Tangent to the Earth's Surface; therefore, it 
follows, that to find the Diſtance of two elevated Objects, when 
the right Line joining them touches the Surface of the Earth be- 
tween thoſe Objects, look for the Diftance anſwering to each 
Height, and their Sum is the Diſtance required. 

hus, in the ſecond Example, ſuppoſe the Eye is raiſed fix Feet 
above the Water's Edge, it can ſee an Obje& on the Surface 2.999, 
or 2 Miles off; this Diſtance added to the 142 Miles, makes the 
Diſtance of the Ship to be 192 Miles. | | 


RX N M r I E In. 


A Man being on the Main- top-gallant Maſt of a Man of War 
200 Feet above the Water, ſees an 100 Gun Ship ſhe had engaged 
the Day before Hull to: How far were thoſe Ships diſtant ? 

A Ship of 100 Guns, or a firſt Rate Man of War, is above 60 
Feet from the Keel to the Rails; from which, dedu& about 20 
for the Draught of Water, leaves 40 Feet for the Height of her 
Quarter above Water: Now a Ship is ſeen Hull to, when her 


upper Works juſt appear. 
Then 200 Feet high gives 17.316 Miles. 
And againſt 40 Feet ſtands 7.744 Miles. 


Their Sum, which is 25.060 Miles, is their Diſtance. 


p To eftimate Diſtances by Sound ſee OBLIQue SAILING. 


A TABLE 
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DisTANCE 
at Sea. 


of Terreſtrial Objects 


Height 


Pint. in 


Height 


Height [Dift. in Pit. in Height Dit. in Height Diſt. inf 
in Feet. Miles. in Feet. Miles. ſin Feet.] Miles. in Feet. Miles. I in Fret. Miles. 
0 gr! 1. 224% 53 | 8.914 240 J13. 969 33.7560 2236 68. 083 
2 1.7320 56 9.1630 243 19.165 34. 197] 2300 58. 7251 
3 | 2-121} 59 9. 405 250 [19.36 34.6330 23 50 [59. 360 
4 2. 449 62 9.641 255 [19.553 35. 063} 2400 59. 988 
s 2.738] 65 [9.872 260 19. 743 35.488 2450 (60. 8090 | 
6 [2.999 68 10. 097 265 [19.932 35. 908 2500 61. 225 
7 3.239 7 10.317 270 (20. 119 36. 343 2550 [61,834 
3. 4630 74 [70+ 5330 275 120-30 36. 734 2600 62. 437 
9 3.673] 77 110. 745] 280 420. 489 37. 140 2650 [63,035 
To | 3. 872] 80 10. 952 285 [20,671 37. 5460 2700 (63. 626 
11 | 4. 06] 83 11. 156 290 (20. 851 37.9380 2750 [64.213] 
12 4. 242 86 11. 3550 295 far. oz 38. 332] 2800 64. 794 
13 4.4150 89 II. 55a 300 [21.208 38. 7210 2850 65. 370 
14 4.5810 92 2. 745 310 [21.558 39- 297]} 2900 68. 940 
15 | 4:742|} 95 r. 9a 320 (21. 903 86 66. 507 
16 | 4.8980] 98 Ira. 1210 330 [22,243 0%. 068 
17 | $5.048|} 101 2. 306 340 2.578 67.625 
-18 | 5. 1g5|| 104 [12.487]] 350 [22,907 oo [68, 177 
19 5. 338 107 12.666 360 [23.232 68.72 
20 | 5. 4760 110 . 842 370 [23.553 69. 26 
21 J 5. 6110 113 [13.016|]. 380 23. 869 69. 807 
22 | 5. 7430] 116 (13. 188 390 24. 181 70. 342 
235.872] 119 (13. 357 400 [24.489 70. 8734 
24 |. 5-999]| 122 13. 5250 410 [24.793 71. 400 [ 
25 8.122 12s 13.52 420 25. 094 71, 923 
26 | 6.243]| 128 (13.853 430 25. 391 72. 
27 | 6.362|| 131 T4. 0150 440 25. 684 . 
28 6.479 134 14.174 450 25.974 73· 470 
29 | 6. 594 137 [4-588 400 26. 261 73.979 
L 30 | 6.709]| 140 [14.488] 470 26. 845 40 74.484 
31 | 6.817]| 14 14 642 480 26.826 1540 48. 052 3750 74. 985 | 
32 | 6.928 146 f14. 795 490 27. 104] 1570 [48.517 3800 75. 484 
33234 159 (14.95 500 27. 379 1600 48. 979 3850 [75.979 
34 7. 1400 155 15. 244 510 27. 652 1630 [49.4360 3900 76 471 
35 7.244 160 [15.4 520 127.9221} 1660 [49. 889 3950 76.95 
36 | 7- 347]| 165 15. 728 530 28. 189 1690 50. 338 4000 77.446 
37 | 7-448|| 170 18.7208 $49 [28. 454 1720 50. 782 4060 77. 927 
38 [7.5480 175 16. 198 550 28. 716 1750 51. 223 4700 78. 40% 
39 7. 547 180 16.427 560 28. 976] 1780 51. 661 4150 75. 48g : 
40 | 7.7441} 185 Jr6.654]] 5750 28. 233|| 1$10 [52.094 4200 79- 35 
41 7.840 190 16.878 580 Pens 1840 52. 524 4250 [99.829 
4 935 195 | [17.098]] 590 29. 742 1870 52.951 4300 80 297 
43 29% 200 T7. 3160 boo 429. 994 1900 53. 374 4350 80, 662 
44 | 8.1221] 205 17. 531 620 30. 489 1930 53. 793 4400 81. 23 
45 | 8.214] 210 12. 744 640 30. 976. 1960 54. 210 4450 [87.685 
46 8. 305] 215 frz. 955 660 31.457 2000 54. 76 4500 182,143} - 
47 | 8-394], 220 }18. 180 630 [31.930\} 2050 55. 44 4550 82.598] 
48 | 8.483]! 225 18. 366] 700 2.325 2100 5.173 4600 183.051] 
49 | 8.570|| 230 [18,569]] 720 (32. 855 2150 [56.777 4650 83. 501 
| 50 8.658 235 18.77 24 33. 309 | 2200 [57.434] 470 [83.910 
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Terms. 


AF T or Abaft. 8 the Head, of 8 of the Ship 
A towards the Piero, as carry ſuch a Thing aaf; ; the Maſt 
hangs aft, that is, towards the Stern. 


How chear ye fore and aft , That "wy how chears all thie Ship 5 
Company ? 


7, Amain ; that is, yield: A Term uſed by a Man of War to her 


Enemy. 
| Strike amain. Lower your Top-fails, 
Avaſt. To' ſtop. 


£1 6 ſignifies over Head or above. | 


The Anchor is foul; that is the Cable has got about the Fluke; 
which is the — Point or Wing, that reſembles 125 Head of an 
Arrow. 

The Anchor is a-peak, or a. peel; 6ignifying that it is directly under 
the Hawſe or Hole through which the Cable of the Anchor runs 
out. 


The Anchor is a cock bell ; that i is, it ſwings or hangs up and down 
by the Ship's Side. 
An Awning is a Shelter or 7 WY that is made of a Sail or ſuch 


like, ſupported in the Nature of a Canopy over the Deck, to 
keep off the heat of the Sun. 


To _ with the Land, &c. that is, to ſail towards i it. 
To bear-to, viz. To fail to a Channel or Harbour before or with 
the Wind, 


Bring the Guns (or Oi) to bear; ; that is, point them right to 
the Mark. 


Bear up; that j is, make the Ship fail more lobe to the Wind, 

Belay. Make faſt any running Rope, 

Bend the Sails ; that is, faſten or apply them to the Yards, 

Her Sails are unbent, viz. has no Sails fixed. 

Bend a Cable, Make it faſt to the Anchor. 

A. Birth. A convenient Place to moor a Ship in. 

A Bight, is any Part of a Rope between the Ends. 

The 557 is bilged ; that is ſtruck off ſome of her Timber on 2 
Rock or Anchor and ſprings .a Leak. _ 

A. Binacle or Bitacle, is that wherein the Compaſs ſtands. 

To bit the Cable, is to put it round the Bits, which are two ſtrong 
Pieces of Timber, in order to faſten it or ſlacken it gradually, 
which laſt is called veerin away. 

A, Bonnet. An additional Part laced to the Bottom of the Main 
and Fore-ſails in ſmall Veſſels in moderate Weather. EY 

| oar 
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d and Board, ſignifies that two Siet come ſo near as to touch 
each other. | 
To: board a Ship, 1s to enter in an hoſtile Manner, or againſt the 

Inclination of thoſe in her. 

Boom. Certain long Poles run oat from different Places. of he 

Ship, to extend the Bottom-ſails. 

Bow-lines. Ropes faſtened to the middle, leech, or mT 

Edge of the Sails to heap them ſteady when the hip is _ 

. the Wind or plying to Windward. _ 
Braces. Ropes 1450 d in Wheeling the Yards and Sails about accord- 
ing to the Direction of the Wind. 

Preventer Braces. Temporary Braces, fixed occaſionally. to ſucy 
cour the Main or Fore yard of a Ship when they ſuffer an un- 
uſual Strain in a hard Gale of Wind. 

Bon- hauling. A particular method of wearing a Ship when the 
' Swell of the Sea renders Tacking impraQticable, 

Bouce. To pull upon any Rope. 

Burton, 'A ſmall Tack formed by tio] Blocks or P allies an the 

Rope becomes three or four- fol 
To break Bulk. To open the Hold and take Goads thereout. 

A Buoy is a floating Caſk or ſuch like which is moored at a Sand- 


bank to warn Shipping againſt it; alſo is uſed to every Anchor 
in order to ſhew where the Anchor lies. 


Careening, is bringing a Ship to lie down on one Side while these 


other is trimmed and caulked. 

Cat and Fiſh, Machines uſed to draw up the Flukes a the Anchor 

towards the Top of the Bow in Order to ſecure it. 

Capftern or Capſtain, is a ſtrong Column of Timber, with Holes in 
it to receive Levers or Bars, and fixed in the Deck, that the Men 
by turning it round horizontally may raiſe up the Anchor or 

any great Weight, and is ſecured by Pawls from recoiling, : 

Caulking, is driving Oakum or Spanhair, &c. inn the Seams of 
a Ship to keep out Water. 

To cun a Ship, is to direct the Perſon at the helm 1 to ſteer her. 

If the Ship goes before the Wind, then the. Pilot, or he who 

cuns the Shis uſes theſe Terms to hea that ſteers, according as 

the Caſe requires, viz. Starboard, that is to put the Helm to the 

Starboard (or Right) Side to make the Ship go to the Larboard 

05 Left) Side; and ſo of the contrary. Port is to keep the ſame 

Direction of the Helm upon the Starboard or Larboard, as has 

been laſt ordered. Helm-à mid/hips is to keep the Helm in a 

right line with the Ship's Head and Stern, neither inclining to 

Right or Left. In keeping the Ship near the Wind, theſe 
Terms are uſed, viz. Loof (or Luff) 2 „ our Luff ; Fall not 
aft ; Veer no more; Keep her to; 7, the Wind ; have a Care 3 
the Lee. lach. 22 make her go more 2 they ſay, * 
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Heim; No near; Bear up. To keep her upon the ſame Point 

they fay, Steady, thus, thus; or, As you go; or ſuch like, 

_ When 8 goes neither by a Wind nor before a Wind, but be- 

twixt both, then they make Uſe of ſome of the following Terms, 

Which are all of the fame Signification, Viz. The Ship goes Laſomng, 
© vartering, Veering, or Large. 

The (ourſe, is that Point of he Compaſs on which the Ship ſails. 

Wat Conrſe did you — on ? What Point of the Compaſs. 

Courſes ſignify the Ship's Sails; as, She is under a Four-courſe ; that 
is, fails with her F ore· maſt Sails only. Under all her Courles is 
under all her Sails. 

Cut the Sail, viz. unfurl it, and 15 it fall doẽ%oð n. 

Davit. A long Beam, uſed as a Crane for hoiſting the Flukes of 
the Anchor to the Top of the Bow. 
Dead-water, ſignifies the Eddy-water at the Stern of the Ship. 

The Ship drives, is when her Anchor gives Way. 
| Dolphin of the Maſt. A peculiar Kind of reath formed of 
plaited Cordage. | 

© Dunnage. A Quantity of looſe Wood laid at the Bottom of the 
Ship to keep the Goods from Damage, 

To hand or furl a Sail, is to wrap it up cloſe together, and bind it 

up with little Strings, called Caſtets, faſt to the Yard. | 

" 1 fiſh a Maſt or Yard, is to faſten a Piece of Timber or Plank, by 
Way of Splinter, to the pe to Rrengthen it, which Piece 
or Plank is called a F. 

" To lower or firike the Flag, is to pull it down upon the Cap, and is 
either done in ſaluting with the utmoſt reſpect « or in Token of 
yielding to an Enemy in F ight. 

To fall. viz. To fall aſtern, | 

Pore, is forward. The Head of a Ship. 

| The Ship's Gage is ſ, many feet as the finks i in the Water, or 6 
many Feet as ſhe draws. 

Meatber- gage, is when one Ship has the Wind, or is to the Weather 
of another. | 

Gooſe-wings. The Clues, or lower Corner of a Ship's Main or 

ore-ſails, when the middle Part is furled or tied up to the Yard. 

Hy 0 gripes, viz. turns her Head to the Wind more than ſhe 

ou * 
The _ is a that i is, it is as hard to the Weather as 
it will go. 

To hail a Ship 3 to call her Company, e ee they are 
bound, &c. and is thus done: Hoa the Ship, or only Hoa; to 

which they anſwer Hoa likewiſe. To ſalute another Ship vin | 
Trumpets, &c. is called Hailing. | 

An Hawfer, is the Cable e to the Anchor. 

Clear the Hawſe, is when two Cables that come through ſeveral 
_ Hawſes are mite, and are ordered to be 1 or freed. 

. may q 
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To hitch,. is to make 77 A 


: 3 


The Ship heels. She inclines more to one Side than the other; 28 


She heels to the Larboard, viz. inclines to the Larboard or Left 


S . 8 „ . 
The Hold of a Ship is the very lower Apartment or Diviſion in the 
Bottom of the Ship betwixt the Keel and Lower- deck, where all 


Goods, Stores, &c. lie. fo 
To rummage the Hold, is to remove or clear the Goods, &c. out of it. 


70 fiow the Hold, is to place Goods, &. in the Hold. 


To hoiſt, is to haul or lift up. 
The ſhip labours; that is, rolls and tumbles much. 


Land- fall, is expreſſing an Expectation of ſeeing Land. 5 

Land- locted, is when a Ship lies within a Bay or Creek, and ſhel- 
tered all round by the Land, ſo that no Point is open to the View 
of the Sea. EE a. 25 Fo: 

To laſh, ſignifies to bind. 


Jo launch a Ship is to put her forth off the Dock into the Water; 


but in ſome Caſes it is uſed in a negative Senſe, as | 

Launch boa, viz. Hoiſt no more, when-a Yard is hoiſted high 
enough, and that Orders are given to ſtop, 

Lee-fhore, is that againſt which the Wind blows. 

She lies by the Lee; that is, a Ship has all her Sails lying flat againſt 
the Maſts and Shrouds. | | 

Leeward, is with the Wind, or on that Point towards which the 
Wind blows. | 7 p24. 

Lee-way, is the lateral Movement of a Ship to Leeward of her 
Courſe, or the Angle which the Line of her Way makes with the 
Keel when ſhe is coſe hauled. Ne 

Looming, A diſtant Appearance of diſtant Objects at Sea, as 
Coaſts, Ships, or Mountains. «© |" _ | 

Mixen has ſeveral Words peculiar to it. The Mizen-maſt is that 
which ſtands abaft or neareſt to the Stern of the Ship; and from 

| thence every Thing belonging to that Maſt is diſtinguiſhed ac- 
cordingly, as are all the other Maſts, their Rigging, &c. So 
therefore the Mizen-ſail is called the Mizen, and is thus under- 
Rood, viz. X 

Set the Mixen, that is, ſet the Mizen-ſail. 


Change the Mixen; bring the Yard to the other Side of the Maſt. | 


Peek the Mizen ; that is, put the Yard right up and down the Maſt. 
Spell the Mixen; let go the Sheet and peek it up. 


To moor a Ship is to lay out her Anchors in ſuch a Manner as ſhe 


may moſt conveniently ride with Safety. | 
Neap Tides, are thoſe Tides which are in the firſt and laſt Quarter 
of the Moon, and are not ſo high, ſo low, nor ſo ſwift as the 
Spring Tides. 5 TY 
The Ofing, is to the Seaward from the Land. 0 
To pay a Seam, is to lay hot Pitch and Tar on (after Caulking) 
_ without Canvaſs. | | OE 
k 5 27 
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To rid: a- peel, is when the Yards are ſo ordered that they ſeem to 
repreſent a St. Andrew's Croſs. 

Preventer-braces. Temporiry Braces fixed occafivilly to fuccour 
the Main or Fore-yards of a Ship when they ſuffer an unuſual 
Strain in a hard 8 of Wind. 


| To purchaſe an Anchor; that is, to looſen i it ſo as to be able to hay 


it up. : 
The Capftern purchaſes a-pace, viz. Draws.in the Cable a- pace. 


Puddening. A thick Reef or Circle of Cordage, tapering from the 


Middle towards the Ends, and faſtened about Maſts to prevent 
the Yards from falling down. 

Duarter-winds, are when the Wind blows in abaft the Main-maſt- 
ſhrouds even with the Ship's Quarters. 

A Duoil, is a Rope or Cable laid up round, one Fake oyer another; ; 
and the Fake is called Quoiling. 

A Range, is a ſufficient Length of Cable drawn upon Deck before 
the Anchor is let go. 

Rounding in, or pulling in ſeveral Ropes. 

A Reach, is the Diſtance between any two Points of Land that lie 
in a right Line from each other, 

To reeve, is to put a Rope through a Block ; ſo, Unreeving the Rope 

is to pull the rope out of the Block. 

To ride. A Ship is ſaid to ride at Anchor when ſhe does not drive 

with the Wind or Tide, but is held faſt by her Anchors. 
To ride athwart, is to ride with the Ship's Side to the Tide. 

To ride betwixt Wind and Tide, is when the Ship rides at Anchor, 
and that the Wind and Tide are contrary, and have equal 
Strength. 

To riſe Be fal, is when the Water breaks into the Hawſes in 
a rough Sea. 

A Road, is any Place near the Land where Ships may ride at An- 
chor, from whence a Ship ſo riding is called a Roader. 

Rauce in, ſignifies to haul in, and is properly applicable only to 
the Hawſer or Cable, in ordering it to be made ſtraight, tight, of 
taught, when it is ſlack, 

To fue a Rope, is to wind ſomething about it to preſerve it from 

retting or wearing. 

A Service. The Thing wound about a Rope is ; fo called. 

To ſeize, is to make aft or bind. 

She ſeels; that is, when on a ſudden the Ship lies down on her os 
and tumbles from one Side to the other. 

To ſettle a Dech, is to lay it lower. | 

 Shank-painter. A ſhort Rope and Chain which hangs the Shank 
and Flukes of the Anchor up to the Ship's Side. 

El Ship ſheers ; that is, ſhe goes in and out, and net right forward, 
To ſound, is to try with a Line or other Thing how deep the Wi 
is. 


The Ship has ſpent ber Ma afts z that i * _ haye been broke _ = 


; The 
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Weather: : But if a Ship loſe her Maſts in F ight, it is then ſaid, 
Her Mafts have been ſhot by the Board, 


7 1 ſplice Ropes; that is, to untwiſt two Ends of Ropes, then ewiſt | 


em both together, and faſten. them by N a TEE about 
-_ | 

The ſails are ſplit ; that is, blown to Pieces. 72 | 

Spring Tides, are the "Tides at New and F ull moon which flow 
hi belt, ebb loweſt, and tun ſtrongeſt. 
Bowſprit fteeves ; viz. ſtands too upright. | | 

Stoppers of the Cable are ſhort Ropes with a large Knot and a Lani- 
ard at the one End, and are faſtened to a Ring-bolt in the Deck 
dy the other. They are attached to the Cable by the Laniard, which 
is faſtened ſecurely round both, by ſeveral Turns paſſing behind the 
EKnot or Nick of the Stopper, by which Means the Cable is re- 
ſtrained from running out of the Ship when at Anchor. 

Stream Buoy. A Buoy belonging to a ſmall Anchor in the Ship. 

Streaks, the uniform Ranges of Planks on the Bottoms or Sides of 
Ships. 


Surge the Vial, is is to ſlacken the Rope wound about che Capſtern by 
which the Anchor i is hove up. 


Tack-about ; that is, bring the Ship's Head about. to. lie the other | 


Way. 


Tally aft the Shins.” A peculiari/Tormi ufed': for Renliag ug e 


Sheets of a Main or Fore-ſail. 


A Windward Tide, is a Tide that runs againſt the Wind. 
Tarpaulin. A broad Piece of Canvaſs, well daubed with 28 tg | 


cover the Hatch-way. 
Tackle-fall Ropes belonging to a Tackle. 
Leeward Tide, when the Wind and Tide go both 0 one Way. 
A Tide-gate is ſo called where the Tide runs ſtrong. 
Tompion. A Bung or Cork to ſtop the Mouth of the Cannon. 


To tide it up, is to go with the Tide a N the dreh and on the 
Tide's altering, to lie at Anchor till it ſerves a 


It flows Tide and Halftide; that is, it will be igh-water ſooner. 


y three Hours by the Shore than in the Ofſing. 
To tow ; that is, to drag an Thing after the Ship or Boat. 
The Shi 5 Traverſe, is her ; 
Veer. To haul or 70 a whe tight ; or the Wind is ſaid to veer 
when it alters its Direction, and when a Ship changes her Courſe 


by turning her Stern to Windward, in Oppoſition to Tacking, 
herein the Head is turned to Windward. 


Wake, i is the Print or Track impreſſed on the Water by a Ship's 


dps throu ic it, leaving . Smoothneſs on the Sea behind it. 


A Ship is. ſaid te come into the Wake of another Ship, when ſhe 
follows her on the ſame Track, and is chiefly done” in bringing 
Ships to, or in forming the Line of Battle 


To weather a Shig ; that is, to go to Windward of her, 1 
To Wind a Satin, To bring, her ow! Oe T1062 ES Mg 
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EST SHI —— m/ ] ͤeẽm ] « d! ũ ᷣ . EEE 
Hie winds the Ship ? that is, upon what Point of the Compaſs ſhe 
1 lies with her Head. „„ 55 8 : 5 5 . ; 
To warp a Ship in or out of Harbour, is to 575 | 

Wind by means of carrying out an Anchor in the Boat and drop. 
ping it; then to haul upon it, and ſo carry out another Anchor 
att the: Ship is come up to the firſt Anchor. 
To would , that is, to bind Ropes about the Maſt or the like, to 


keep on a Fiſh, or ſtrengthen it. 


w 


The Ship'yaws-;. viz. She goes in and out, and does not ſteer ſteady. 5 


ES Having, in the preceding Sheets, treated of thoſe Parts commonly 
taught in Schools, and practiſed at Sea, which being well under- 
N he as ſome are ambitious of knowing late Improvements made in 
Navigation, we ſhall next proceed to the Solution of thoſe two im- 
portant Problems ſo long wiſhed for; viz. The New Method of 
; fo 4A the, Latitude by two Altitudes of the Sun, and the New 


ns 


: Bilaner J che Sit or med Star "oy 


ethod of finding che Longitude at Sea by taking the Moon's | 


- 
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The New Method of finding the LAxI Typs 
taking two Altitudes, either in the Forenoon or After- 
„noon, having the intermediate Time meaſured by a 
of the Sun's Meridian Altitude. 


* * Y # 
-6 1 x $ J N J * » \ 5 4 * 
„„ ee >. © 124.3 14} £Y ut i 
GENERAL RULES 
0 , 2 ; . E 0 5 
44 #$ 2 1 3 
* ».4 1 4 * * 
i 


IO: .the. Arithmetical Complement of the Logarithm of the 
Co- Sine of the Latitude by Account“, add the Arithmetical 
Complement of the Co- Sine of the Sun's Decligation; cl that 
% ͤ r ER OO 


From the Natural Sine of the greateſt Altitude, ſubtract the 
Natutal Sine of the leaſt Altitude, and find the Logarithm of their 
Difference, and write it under the Logarithm Ratio. 3. 
Subtract the Hours and Minutes when the Altitudes were taken 
from each other, and Half the Difference call Half-elapſed Time. 


n 627 2 4 1 ret = 8 VV þ 
Wich Half. the elapſed Time enter theſe Tables, and from the 


Column of, Half-elapſed I | at the 1 rithm 
© thereto, and fer it down: under the Logarithm Ratio,” | 


- 1 — * 1 , 


"7 56 Jo Prewbo 7” no , 3 0 E 
r a 4 * 9 ie 
or Secant lefs Radius, the Atithmetical Com, of the Go:Sine of any Angle a 
"30 e to the Logarithmic Secant of that Angle, omitting te. firſt Figure in the ö 
eas the Secant of 469 50“ is 10.46%), and omitting the firſt Figure 1, leaves 016487, 


de Scc, iefs Radius, the Arithmet, Com, of Co-Sine 469 50', | 


3 
4 
- 3 8 *% 
1 N LES 2 # 
2 T7 4 * * r 


ber againſt the. 


tood,, may be thought fully ſufficient for qualifying young Mariners; 


peat S EA, by 


common Watch, with Eaſe and Accuracy; independent 


TY 


. , Y hag 


| Sun's Declination was 11* f. 7 
the Sun's Altitude was 46 585 and at 11 Hf. 27 M. in the F. 


Woes 1 — 8.7556 
The Common Log. of the Diff. N.S. 8019 © © © 3-90412 


Their Sum of the Log. i in Middle Time — 4. 8114 


LY. © 


THE LATITUDE. AT SEA. 46 


Add theſe three ider together, and 1 their Sum enter 
"i Tables, in the Column of Middle Time, Where, having found 


the Logarithm neareſt thereto, take out the Time W to 


it and pag it down under Half the INT Tine 2 8 : 


Subtract the Less from the Dm aid the Difference will W-. 7 | 
the Time from Noon, when the greateſt Altitude was taken. > 


With this Time enter the new Tables, and from the Column of n 


Riſing, take out the Logarithm correſponding to it; from this Lo- 


garithm ſubtract the Lo garithm Ratio, the Remainder will be the Lo- 
garithm of a Natural 3 which, being found in any common 


Table of Logarithms, and idded: to the Natural Sine of the greateſt 


4 will give the Natural Sine of the Bu! 8 Meridian Altitude. 


Kö 5 I 80 


Ha ing the Meridian Altitude of the Sun at © Noon, the Latitude 


is found by the uſual Method. 


8 


B. If the Latitude, found ay the above Proceſs ſhould differ 


wi ely from the Latitude by Account, it will be proper to repeat the 
Operation; uſing the Latitude laſt found i of the Latitude b 
Account, till the Reſult gives a Latitude * agrecing mow he 
Latitude uſed i in the Computation. 


EXAMPLE I. TT 
Bein at Sea in Latitude 46? Mo North by Account, when the 
at 10 H. 2M. in the 8 | 


the Second Altitude was 54 Required the true Latitude, and i. 
true Time of the Day wk the greateſt Altitude was taken ? 


— — 


Times. Fold. 

H. M. S. Lat. 46" 55. Arith. Co. of Co- Sine n 

I 

10 2 © Dee. 11 17 Arith, Co. of f Co-Sine _ 0.00848 
Fla. Tix 25 Ws er gires the Log. Ratio — 


EI. T. o 42 30 
— 


The Sun's gr. Alt. at 11 52 M. is 54 o 15 Nat. Sine 8105 
Fhe Sun's leaſt Alt. atio H, 2M, is 46* 55 Its Nat. Sine 222 


3 


The Rumlrider or Diff. of Nat. Sine — 


In the New Tables in Col. ; Ela, Time for 42 . 11 is 0.3429 


5 


260 New METHOD OF FINDING 


. How winds the Ship P what is, upon what Point of the Compaſs ſhe 

lies with her Head. 

To warp a Ship i in or out of Harbour, is to carr ber againſt the 
Wind by means of carrying out an Anchor in the Boat and drop- 

ping it; then to haul upon it, and ſo carry out another Anchor 

1 aſtet the Ship i is come up to the firſt Anchor. 

To would ; that is, to bind Ropes about the Maſt of the like, to 
keep on a Fiſh, or ſtrengthen it. 


8 en in the preceding Sheets, treated of thoſe parts commonly 
15 1 t in Schools, and practiſed at Sea, which being well under- 


N 78 as ſome are ambitious of knowing late Impfovements made in 
Navigation, we ſhall next proceed to the Solution of thoſe two im- 
ortant Problems ſo long wiſhed for; viz. The New Method of 
TER the. Latitude by two Altitudes of the Sun, and the New 
s of finding che Longitude at Sea by 5 2 the erer 
Diſtance cg or _ beg 5 


1 can ** 


* » * 9 Ne ae. : 9 * 


= E82 


1 1 — . 5 5 

| The New Method f fading hs 3 at Sza, by 
* taking two Altitudes, either in the Forenoon or After. 
; non; haying the intermediate Time meaſured by a 


+ of the Sun 8 Meridian Altitude. 


GENERAL RULES. 


Quathe, Rebecca! Complement of the Loga IAEA of the 
Co- Sine of the Latitude by Account“, add the © Arirhmetical 
Complement of the Co-Sine of the Son; 8 e call that 
Sum the Lean Ratio. ET oat 


1 the Natural Lice of the greateſt Altitude, ſubens the 
Natutal Sine of the leaſt Altitude, and find the Logarithm of their 
3 „ ee and write it under the Logarithm Ratio. * 


(2 


Subtract 5 6a Hours bk Mioutes when the Altitudes were ken 
8 _—_ ary 018 1 Half og QUEEN call ane Time. 


. q . i 12 23 "CR * . 1 25 

r * Or 8 lefs Reding, ther 60 e ben, of the *. 7 any 52 is 

N au- to the Logarithmic Sec ant of t t Angle, omitting ine ürſt Figure in the 

eee the Secant of 469 50“ is 10. 36437, and omitting the firſt Figure 1, leayes 01648) 
dne Sc. leſs Radius, the Arithmet, Com. of er 468 50's Ad 4 


2 
1 


= Ship Jaws 3: VIZ. She goes in and out, and does not ſteer fieady, g 


od, may be thought fully ſufficient for qualifying young Mariners; 


"common Watch, with Eaſe and ans: e | 


«MM .coc 


THE. LATITUDE. AT SEA. 26s. 3 


40 theſe three Logarichms together, and with! their Sum enter 
| * Tables, in the Column of Middle Time, Where, having found _ 
the Logarithm neareſt thereto,” take out the Time eireſponding e 898 
it, and put it down under or the elapſed Time. . "2 


Subtract the Lets: from the 0 yy the Difference will be 5 
the Time from Noon, when the greateſt Altitude was taken. wy 2 


With this Time enter the new Tables, and from the Catia of . 
| Riſing, take out the Logarithm correſponding to it; from this Lo- 

garithm ſubtract the Logarithm Ratio; the Remainder will be the Lo- _ 

garithm of a Natural-Number ; which, being found in any common 

| Table of Logarithms, and added to the Natural Sine of the greateſt 
ATENGE will give the Natural Sine of the Sun' 5 Meridian Altitude. 


Ha ving the- Meridian Altitude 58 the son at Noon, the Latitude 
1s found by the uſual Method. 


* 0 - i 


z. B. If the Latitude, found hy the hive Nee Would differ  Þ 
"i ly from the Latitude by Account, it will be proper to repeat the 
Operation; uſing the Latitude laſt found inſtead of the Latitude b 

Account, till che Reſult gives a Latitude early agreeing WI ry 
Latitude uſed in the e 3 


Ps, 


Being at Sea in Latitude, 46 25 North ve 3 when the I 
Sun's Declination was 11* 17, N. at 10 H. 2M. in the 5 1 
the Sun's Altitude was OY , an at 11 H. 27 M, in the Forenoonz 


1 
þ d ”— 
4 . on 
6 F . * " 3» * 
2 9 * 8 
* a N n Da ER 
1 4 5 $f ns : 
10 5 55 Fs i * : 
: - "og 1 LY 2% 
e 5 
© 


— 


the Second Altitude was 5 Required the true Latitude, and 
true 1 of the Day — he greateſt Altitude was taken? 3 
imes. | 


H. M. S. Lat. 46 50. Arith. Co. of Co-Sine 0.16487 © 
11 


10 2 © Dec. IT 17 Arith. Co. of. Co-Sine 0.00848 


W 


El. T. 21 0 Added gives the Le Ratio —— 


A — — 


?E1 T. 42. - 30 | 


3 


The Sun's gr. r. Alt. at 11 152 M. is 54 9 Its Nat, Sine S105 
| The Sun's leaſt Alt. atioH,2M. is 46* 55 Its Nat. Sine 7303 


„ The Reminder or Diff. of Nat. Sine 2 
E 8 . Log. Ratio 2 — %s — 0.17325 
- The Common Log. of the Diff. N. S. 8019 © 390472 


- In the New Tables in Col. 4 Ela, Time * 42 M. 4 is. 5 073429 
Their Sum of the Log. in Middle Time — 


8 * 6 "IS: 


"£80 I 
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175 wy 2 


| Te ll M. 5 be which 6y che New e 
Subtract Half-clapſed Time — 1155 
The Diff. is the true Space of "Time. the Sun 5270 75 
| Lis to 25 Meridian when the greateſt Altitude was C 
Tie fer Watch f, 27 . 


8 ; o 
» « 
# ? 7 5 / 
= Ps FV | . 
En in r 3 * 3 2 PS GL 88 2 OY." 
7 . 3 1 th ; o - 
r S 
bes) * 


. + + 10533 F inding they agree, the Wah is right, 
2 Kauer the Tables with 33M vader Col. of Ri in 5 nd | 


From which ſubtract _ Log: Ratio — 


T be Natural Number of which i is 65. 
To che Natural Sine of * greateſt 3 


5 Add the Nature: Number of the above Log. 69 
25 The Sum is the Natural Sine of the Sue Meridian} B17: : 
_ Altitude, 54 500 ena 
YA Oo ö 6 
i, 1 5 5 
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85 By obſervio the 87 5 's Merid. Alt. 
Th Su 28 Dit. 10031 g the Sup 
e 955 N Kad 6 35 : 3 5 e the A Was t to 


IEF AMPLE. 11. 5 | 
5 0 at it Fea i in Lat. 47*19/N. by Account, when. the Sun's De- 
.- elination was 12 10 N. at 10 H. 24M. A. M. per Watch, the 
Sun's Alt. was 49* 9, ar 1 H. HAS P. M. his Alt. Wg 51 500 


| Required. the Latitude ? We * 2 
3 H. M. S. Alt. Nat. S. Lat. 47 19 Fo 
en 3 at's 9 0 175642 c<bup's Desi. 15 Lochs 

, eee ener 787 r ewigl7 66 Wh 
- e see * —.— Log. Ratio | | 95 17883 


1 0 Ei. iT« 2 30.0 Diff. N. S. 3241 Its Logs - 3.47 


250 - 25.0 Its Log. 2 8 of 4 Elap. Time is * 0.44077 
ub. o 15 0. Col. af Mig. Time correſponding to_* 432667 


1 * 8 — 


*I e 
8 0 . * 5 a S a 
0 1 
W A 2 
> 5 ; 


True T. 1 10 0 Its Lan! in Col. of won is ES pe. 
T. p. W. 1 14 0 Log. Ratio Sub. 9.17883 


Wat. faſt o 40 on the Nat. No of this a 3 4 


N. 8 Sun's gr. Alt 78783 90 00 5 een, 
N. 8. 8. Mer. Alt. 81849 2 54 56 : ' 


— — 


- Sun's Zen. Diſt. 35 4 F 1 
Sun's Decl. 12 10 N. a | | 
Lat. i F 47 North 


Here the Latitude found by Computation may be relied on, as it : 
a one Mile from that uſed in the * 


EXAMPLE "Ub; 


Being at Sea in Lat. 0e 40/7 North per 3 when * Sun's 
Declination was 20? O“ 9 at 10 H. 17M. A. M. 2 7 8 1.2 
the Sun's Alt. was found 17 13“, at II H. 17 | 
Watch, it is found 19* 41', Required the Latitude? 

Times. Alt. Nat. 8. Lat. 50˙ 40 o. 

H. M. S. : Decl, 20 00 40. 2 
10 17 0 / 13/=29599 
11 17 0 19 41 533682 Log. Ratio E 0.22504 


Ela. T. 1 0 o Diff. N. 8. 4083 Its Com- Log. 3.61008 a 
El. T. 0 30 0 Its Log. from Col. 4 Elap. Time is o. 88430 
1 1 0 In Col. of Mid. Time correſponding to 4.72032 


* 
— 
; * * 
Ts 4 
N. 


| py 


— —— — —— 


Tri. oO 31 0 From Noon, its Log. from Cl. of Riſ. 2.96067 


D. p. W. o 43 0 Log. Ratio Sub. . "0.22504 
44N. Num. of . 2.73563 5 


33882 N. S. greateſt Alt. 5 ' 


— 25 Dax 


34226N.:S. | of Sun's Mer. Alt. 20 114. 5 


Ze. Diſt 609 59 „ 5 0 
Decl. 20 08. is i 


Lat. 49 N. | Eh - 2 - 
But as this 3 differs 41 Miles from that by Account, it ill 


be proper to repeat the OS uſing the Lat, laſt Wap inſtead 5 
of the Lat. by Account, 


he Fe 


* ure, 8 


- 


26. NEW METHOD OF FIN DING | 


H. M. 8s. Lat. Ly 49" 56% - ha 
e Time % Decl. * 0 0.02701 
| r | * 
25 4 ALE» Log. Ratio 0.218) 
True Time 0 30 . 5 84 
Time per Watcho 43 © J ar ap . 0.88430 


© — f ; . 1 — — 


Watch flow o 130 In Col. Mid. 1. 0 4.71407 


' "Trae Time © 39 0 Les Er. in Col. of Ring is. -2.97223 | 


. Ratio 0.21897 


-x5 Nat. Num. of 2.71 
33882 Nat. S. gr. Alt. 5 £4 


22 ˙ 


| Nat 8. Sun' s Mer. Alt. 34199=20* of 


Zen. Diſt, 70 © 
Decl. 20 08. 
I: The Lat. 50 © North. 


The Latitude laſt found differing only one Mile from that uſed in 


the Operation, may be depended on as the true Latitude. Hence it 


is plain, that the Operation is repeated with very little n 
Tioable, but few Alterations being neceſſary, 


EXAMPLE . 


* 


Times. "x2 60* o =0.30103 
H. M. 8. Alt. N. 8. Dec. © 0=0.00000 
; 0D WB 33=48703 — — 
3 0.0 £0425=3534 Log. Ratio 0.30103 
Elap. T. 2 © O 12955 Its Log 4.11244 
zElap. T. 1 © © Its Log. in Col. of 4 Ela. T. 0. 58700 
2 0 © Its Log. in 1 Col. of Mid. T:; — 
T. fr. Noon 1 0 o Its Los. from Col. of Riſing - 3.53243 
Di. per W. Io Oo | _ Ratio 0. 30103 
1704 i 3.23140 
48303 1 | 
Nas. Sun, 5 Mer, Alt. -$0007= 30 o Sun's Meridian Alt. 
| | | 60 O Latitude 


nt. 


MM x0 


: 2 4 

3 2 

iF * : 1 0 2 - by 
* 
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The Latitude by Computation, coming the ſame with the Lati- 
dude by Account, ſhews, that the Latitude by Account was right. 
From the foregoing Examples it is plain, that the Operation is the- 
ſame, whether the Sun hath North or South Declination. And it 
will be the ſame whether the Ship is in a North or South Latitude. 
It is alſo clear, that when the Sun has no Declination, the Arith- 
metical Complement of the Log. Co-Sine of the Latitude, is the 
| Log. xatio. ö | 


* EXAMPLE v. 


July 5, 1778, wanting to go through the 8* of N. Channel 
among the Maldives, and by Account being Latitude 7 40 N. at 
7 H. 25 M. 40S. A. M. the true Altitude of the Sun's Centre was 
22 300, and at 10 H. 31 M. 48 S. A. M. it was found 63 40%. 
Required the Ship's true Latitude? 


H. M. Ss. Alt. Nat. S. Lat. by Ac. 7 40 0.00390 * 


Times 10 31 48 63* 400 89623 D. July 5, 22 48 0.03533 
7 7-24 40 22 30 38288 | ——— — 


+ aa} — — Log. Ratio 0.039: p 5 
Elap. T. 3 6 8. 513558 Its Log. 471 [00 
n El. T. 1 33 oo Its Log. in Col. of; Elap. Time is 0.40368 
3 1 . M. 8. 
777%“ ĩVi 8 RO 
True T. 1 28 30 Its Log. in Col, of Riſing . 3.86709 


T. p. W. 1 28 12 Log. Ratio 0.03923 


Wat. fl. oO o 18 5528 Nat. Num 3.82786 
e 90 co 89623 Nat. S. gr. Alt. | 

Mer. Alt. 74 29 —— | | | 
| 96351 N. S. Sun's Mer, Alt. 74" 290, 


Zen. Diſt, ' 15 33 —— 


Lat. in 7 17 North. 


— —— 8 1 g I: » 


N. B. As the Tables are only calculated to 30 Seconds, the Log. 85 
for any intermediate Seconds is found by taking the Difference be- 
tween the Log. next greater and next leſs, and ſaying, as 30 Seconds 
is to that Difference, ſo is the given Seconds, to the Difference of 
the ee or, if it be any even Part, take ſuch a Part of 
the Difference, and apply it to the next leſs Logarithm, 


, $xouUnd 


— 


* 
oO 


= " 7 : " 5 
Ti 7 ' 7 . ; 3 
2 * * ' 4 * was 8 * 4 . _ . , 4 
4 : F þ N l , a N } 8 7 8 e „ W&% N 
* 1 , p . 1 — © * <0 3 8 E 4 
4H * DP) . 1. 
FF | 
4 1 6 7 F : 4 
l p 6 : g Sh : * % a3 
. — F . ; $ * «4 ; 3 5 N 7 ” 
A 


3 
E: 
3 


SECOND OPERATION: 


b 8 Fr "Lac. 49 0100252 1 

>. VV 40 : | 00g IF 

| Gs | Log. Ratio  0:03885 
H. M. S. . | - - "£73088 
I 30 3 0.40 68 

4 2 | H. M. 8. ̃ 50 3 

1 | 3 1 30% Sat lf 
1 True Time 1 28 VVV 386709 
N. S. gr. Alt. 89623 i Log. Ratio o, 0885 
6734 N. Nu. Log. 3.8282 


N S. Sun's M. Al. 96357274 29. Hence the Lat in is 71% N. 
The Latitude laſt found, agreeing with that uſed in the Opera- 


peated with very little additional Trouble, but few Alterations being 
neceſſary. Hence it 1s plain, that if you are miſtaken in che Latitude 
by Account. yet by repeating the Work two or three Times, making 
Vſe of the Latitude laſt found in the next Operation, it will at lait 
diſcover itſelf to be true, by being equal to the laſt Suppoſition, 
which evidently ſhews the Excellency of theſe new Tables. 
In the former Examples we have confidered both Altitudes taken 
at the ſame Place or Station; but as that is ſeldom the Caſe at Sea, 
the neceſſary Correction for anyAlteration of Station may be readil 
made, as follows : - V „ . . 
Suppoſe the firſt Altitude in the Forenoon alt 10 26 


The ſecond Altitude in the Afternoon at 2 H. 1 
Difference of Longitude made is 30 Miles W. equal to © 2 


14 41 
» oF Þ\ | 3 10 26 
Subtracted is the elapſed Time v5 


If a Ship has been ſailing to the Eaſtward, the above two Minutes 
muſt be added; but unleſs the Difference of Longitude be con- 
ſiderable, it is not worth Notice, as it will make a very inconſider- 

able Error in the Latitude. | | | 


paſs which the Sun bears-upon, ſhe mult raiſe the Sun's Altitude as 
many Minutes as the, Miles ſhe has run towards it; therefore the 
Miles run towards the Sun muſt be added to the firſt Altitude; but if 
ſailing from the Sun, the ſame mult be ſubtracted: If they are but 
few, they are not worth minding ; and then the Seaman may make 
a very good Eſtimation by looking at the Log- board only, who, b) 
that, will be able to aſcertain the Diſtanée ſailed to, or 1 

. : ; _ : un, 


tion, it may be taken as the True Latitude; and the Operation is re- 


Again, if the Ship ſails or makes towards that Point of the Com- 


n « _— ICT NY. 
a 
q N 
5 


Sun, between the Obſervations, which will be of ſufficient Exa W 


in the Practice of Navigation; and if the Ship makes an Angle with 


the Sun's Bearing, it may be readily found by the Table of Dif- 
ference of Latitude and Departure, and then either add or ſubtract, 


according as the Caſe requires; as may be ſeen in the following 
Examples, which are inſerted for the Benefit of thoſe who require 
à greater Degree of Accuracy, rp. 
f On the 20th of December 1778, being in a Ship from the Bay of 
| Biſcay, bound to the Engliſh Channel, in a briſk Gale running N. 
by F. 2 E. per Compaſs, at the Rate ot 9 Knots per Hour, at 10 H. 
OM. A. M. per Watch, obſerved the Sun's Altitude 13 18“ bear- 

ing South 3 E. by Compaſs, and at 1 H. 40 M. P. M. per Watch, 

the Sun's Altitude again was found 14 15, the Latitude by Account 


| being then 40 17” N. required the true Latitude? 5 
IIe Correction to the firſt Altitude. 


the Second i H. 40 M. P. M. the Elapſed Time is 3 Hours 40 M. 
and the Rate of Sailing is 9 Miles per 3 then ſay, by the Rule 
of Three, as 1 H. is to 9 Miles, ſo is 3 H. 40M. to 33 Miles, the 
Pn; inthe Flapſed Inga. 
Again, the Bun's Bearing at the firſt Obſervation is South 3 E. 


7 


* of Ship's Courſe with the Sun's Bearing is 24 Points, 
the Courſe 24 Points, and Diſtance 33, the Difference of Latitude is 
20, and the Ship is failing from the Sun; therefore from the firſt ob- 
ſerved Alt. 13518“, take 29, the Remainder 12 407, the firſt Alti- 
tude corrected, which is to be uſed in the Operation as follows; 
Times 10 0. © 14 15 = 24615 Decl. 23 2 


0.03749 
140 0 12 49 = 22185 15 2 


3 


Log. Ratio 0.22 30 


Ela. T. 3 40 o Diff. N. 8. 2430 15 Les. © 2 
n e 
| QI O Time correſponding to ; : 3.94458 
I 40 o Its Log. in Col. of Riſing is 3.97170 
0 90 © 5606 Nat. Num. of 3.74867 
f 17 35 ä „ n 
1 | . — — 
Zen Diſt. 72 21 N. S. M. A * = : 
a Decl. * 28 : 2 Fn bf 35 
e — | 


N57 Lat. 5 48. 57 N, 


The Time of the firſt Obſervation is 10 H. o M. A. M. and of 


the oppolite Point to which is N. 4 W. or 2 Point, and the Ship's - 
Courſe during che Elap. Time-is N. by E 2 E 13 Points, fo the- 


No in the Table. of Difference of Latitude and Departure, to 


H. M. S. Alt. | Nat. 8. Lat. 49 {x 0.18554 


4 
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But as the Latitude by Computation differs conſjderbly; from f 


that by Ackonnt, ad Wei muſt be repeated. 


Fl 48* 57'/=0. 18262. f 
Decl. 23 28 — 4 


Ratio 0, 28017 $ 


H. M. S. Dis. x. = 245 Log. 3 38596 1 


Mos W Log. 6.339 

| ot © 10 o Time e ta 3 94166 4 

| fo 1 40 9 Its Log. in Col, of Riſing goanh f 

17 37 5 Log. atio „ wy 1 

Een. Diſt. 72 2 5644 Nat. Num. of n q 

- Peel. 2 24 24615 : N Th. — 
T r. Lat. 7 55 N. 30259 N. 8. Mer. Alt. 18 37. : 


- Fhis Latitude differing only 2 Miles from that uſed in the — 
78 it may ” depended upon as the true Latitude. 5 id 


E X A MPLE VII. 
A Ship failing N. E. x E. by Compaſs, at the A 
an Hour, at o H. 31 M. 40 S. P. M. per Watch 1 found g Loa Altis 
tude of the Sun's lower Limb 28* 20/ above the Horizon of the Sea, 
the Eye being elevated 20 + cet above the Surface of the Water, and 
the Suns Bearing by Compals being at the ſame Time 8. by W. and 
at 2 H. 58 M. 20 9. P. . by Watch, the Altitude of the Sun's 
_ Tower Einb was 165 ar; above the Horizon, the Eye being elevated 
as before, and the Latitude by Account, at the Time of. the laſt 
ſervation, was 48* o' North, and the Declination 130 177 South. 
equired the true Latitude at taking the laſt Obſervation. 


Firk obſerved Alt. of S's lower Ein 28* 20! Second ditto 165 al 


Refraction to be ſubtraQted. * 1 k 15 
Corrected for Refraction 9; 28 18 — 2 38 
1 of the Horizon ſubtracted „ 5 

4 — — 8 — | 
App Alt. 1 1 „ . 
Sup s Semi- diameter added % 16 0 10 
Correct Altitudes * Sun's Centre 28 30 16 50 


++ Correctiòn for the firſt Altitude. | 
| The Time of the firſt Obſervation o H. 31 M.. 40 S. P. M. of 
the AN 2 H. 58 M. 20 S. P. M. ſo the Elapſed Time is 2 H. 26 
M. 2 of Sailing is 9 Miles per Hour. Then 3s 
1 He: = line:; 2 H. 26 M. 40 8. 22 Os the Diſtance run in 
the Elapſed Time, « 


v4, 35 7 


S On 


the Sun's Oe: is, 


Wo i / / dts PA, 


* * n 22 2 N 
© r oy itt Ce nog et * * * W TEX . 
1 . 7 * r * = 0 
N "> hs. ; edt 
* 1 Y . 2 
, ? * * 


i 
; 8 0 7 — 
— : , R 
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Ne ; A aj n, the Sun's Bearing at the firſt Obſervation is 8. by W. the | 


oppolite Point to which is N. by E. or 1 Point. 
The Ship's Courſe during the Ela. Time is N. E. & E. or 42 Pts. 


In the Table of Difference of Latitude and Departure, to the 


- Courſe 3 Points, and Diſtance 22 Miles, the Difference of Latitude 
is 17 Miles, and the Ship fails from the Sun. | 


Wberefore, firſt obſerved Altitude 28? 30/ — 17! = 28* 13 the 


firſt correct Altitude to be uſed ih the Operation, 
65 H. 


M. Ss. Alt. N. S. Lat. by Ac. 48* 0.17449 


Times. o 31 40 28 13 47281 Decl. 1317 0.01178 


— 


r — Log. Ratio 0.7852 
Ela. T. 2 26 40 Diff. N. S. 18350 Its Log. 44026364 


4E. T. 1 13 20 Its Log. from Col. of + elapſed Time o 50232 1 


Do whe 46 30 In Col. of Middle Time correſpond. to 495223 


— ooh N 


2 . 9 33 10 Its Log. from Col. of Riſing 301925 


Log. Ratio 0.18627 


e 0 687 N. Num. of 2.83298 
. — N. 8. Mer. Alt. 47968 = 280 400. | 


Zen. Diſ. 61 20. 


Decl. 13 7-7 


And as it differs but three Miles from the Latitude by Account, 
jt may be taken as the true Latitude. 3 | 
By the Ship's Courſe per Compals is to be underſtood, its Courſe 
made gopd, Lee-way, if any, being firſt allowed, or the Courſe, by 
Compaſs, corrected for the Lee-way only, but not for the Variation. 
Had the Variation of the Compaſs been applied, both to the Ship's 
Courſe and the Sun's Bearing, it would not' have made any Dif- 


ference in the Operation or Reſult, as the Angle formed by them 


will always be the ſame, whether they are both eſtimated by the 

Compaſs, or when the Variation is allowed on bot. 
NorTE. Since the Declinations and Times of the Planets Paſſage 

over the Meridian at Greenwich is given for ſeveral ue bo in each 


onth in the Nautical Almanac; the Latitude may be readily 


found, by taking their Altitude when on the Meridian, allowing 
for the Difference of the Meridians according as the Ship is Eaſt or 


"Mr 


Welt of Greenwich, as for Example: 


* 


2 
2 * 
* 
" 
þ 
5 · * 
_ 
3 * 
= 
. 


3 


on different Sides of Noon. 


ſervation.” 85 22 —28 1 
Notwithſtanding, as the Longitude given by dead Reckoning, 
though kept and corrected with the greateſt Care, is very uncertain; 
therefore jt would be of the utmoſt Importance to Navigation, could 
it be afcertajned exactly, or even within ſome Möderett I | 
-pedients have been ptopiſed for determining it; of theſe we ſhall 
only mention two or three, the Reſt haiing wholly failed. _ 


7 


May 2 th, 1780, ae after 8 in the Evening, the Time j 
e | 


of his paſſing over the 


ridian that Day, I found his Altitude was 


32 5%, his Declination being then 5* 38/8. Now 32 5% ſub- 
tracte a 
which I ſubtracted his Declination 5 38/ S. and the Remainder } 
51* 22/ was the Latitude North, which correſponded with the: Me. 
ridian Altitude of the Sun, taken ſeveral Times at the ſame Place, } 
This Method of finding the Latitude will be the more convenient, 
as Jupiter and Venus can be ſeen when the fixed Stars cannot be ſo 


»/ 


from 90“ leaves 37, 3, the Zenith. Diſtance 8. From 


well defined, dT oi Wt at ed il LOS 
The Time of Paſſage over the Meridian and Declination for any 


intermediate Lime may be found by taking tbe Difference, and then I 


add or ſubtract according as they are increaſing or decreaſing. 


This Method of finding the Latitude is of excellent Uſe, ſince 4 


there are ſo many Circumſtances at Sea which deny the Opportunity 


of having the Sun's Meridian Altitude; and as the knowing the true # 


Latitude is of the greateſt Conſequence, eſpecially in coming into 
the Engliſh Channel, &c. where there are frequent Obſtructions of 


Clouds, every Seaman ought to be ready at determining his Lati- | 
tude, by this Method, whenever an Opportunity 
ſhould. not ſee the Sun upon the Meridian. © 


ters, leſt he 


' NoTz The nearer to Noon the Obſervations are taken, the better; 
provided the elapſed Time be not much leis than Half the Interval 


of Time, when they are both taken on the ſame Side of Noon, not 


much greater than 


* 


nce and Half the greater Interval, when taken 


T * — 
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Of finding the Longitude at Sea. 


| 6 5 given Rules for correcting the Longitude, as far as can be 


done, by Help of the Latitude being truly aſcertained by Ob- 


:mits: Ex- 


Gne Expedient for determining'the Longitude at Sea is the Varia- 


tion Chart, firſt publiſhed by Dr. Halley, in the Year 1700; and 
ſince correted by Mr. Mountaine, F. R. S. which has been found 


uſeful on many Ocraſions, for correcting both the Latitude and 
* 4 2 Another 


* 


* 


e c =p p.i.y.on = 


5 


— 


„ 


1 * 


= 


LONGITUDE! AT SEA an © 


Another Expedient was propoſed about 200 Vears ago, for ſhew- 
ing the Longitude at Sea, which is an exact Time-meaſurer, Could 
ſuch a Piece be conſtructed as to move with perfect Unifornlſity, at 

all Seaſons, and in all Places, ſuch a Time-keeper being ſet to the 
Time; at any Place (ſuppoſe London) would always ſhew the preciſe 
Time under the Meridian of that Place; then the Time of the Day 
at any other Place being found, the Difference between this Time 
and the Time at London, ſhewed by the I ime-meaſurer, wauld give 
the Difference between the Meridian of the Place in, and London; 
which being converted into. Longitude, by allowing 155 for one 
Hour,:&c. would be the Difference of Longitude. The Mariner then 
would have nothing more to do but to provide himſelf one of theſe 
Time meaſurers, regulated to the London Time; and when he 
thought proper, find the Time of the Day under his then Meridian, 
and to turn the Difference of Time thus found, and the Time- 
meaſurer, corrected by the Equation of Time into Longitude, which 
would give him his Longitude from London with great Eaſe and Ex- 
actnefs. But ſuch Itregularities had been found in the Motions of the 
beſt Clocks and Watches, eſpecially when expoſed to the irregular | 
violent Agitations of a Ship at Sea, and the different Temperatures of 
Air, and Alterations in the Power of Gravity, attending the Chan 
of Situation and Climate, in long Voyages; that all Attempts — 
to determine the Langitude by their Means, proved to very little Pur- 
poſe, till within theſe few Years : Mr. ] ohn Marriſon having, 7 
long Application, found Means, if not wholly to remove, at leaſt 
greatly e of the Irregularities to Which Watches of the 

common Conſtruction are ſubject, executed a Watch ſo much im- 
proved, and ſo exact in its Motion, that in a Voyage made in the 
Year 1764, by Appointment of the Commiſſioners of Longitude, 

for a Trial of the Watch, from Portſmouth to Barhadoes, and from 
thence back to England, which taak up about five Months, the 
Watch was found to have deviated from true mean Time only 54 
Seconds: This Watcb, however, has not, for ſome Time paſt, 
made any great Noiſe; and it is difficult to ſay what Advantage Na- 
vigation may reap from it, though it probably may rep ſome; but 
certain it is, that whatever Improvements may be made in Clocks 
and Watches, they, like every mechanical Moyement, muſt ever be 
ſubjeſt, probably to ſome internal conſtitutional Irregularities, and 
certainly to Injury, from various Accidents; on which Account the 
Mariner may, with good Reaſon, be difſident of them, and anxiouſſy 
deſirous of Means to enable him to find his Longitude, from Time 
to Lime, with ſufficient ExaGineſs by celeſtial Obſervations. 
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. Of finding the Longitude by celeſtial Obſervations,© | 


Mal Methods for finding the Longitude by celeſtial Obferva, 


5 ; tion have been propoſed; and ſucceſsfully practiſed on Land; but | 


none has been found ſo convenient at Sea, as that of obſerving the 
Moon's Diſtance from the Sun, or a fixed Star; both on Account of 


the Shortneſs of the Moon's Period, and conſequently her quick | 


Progreſs in her Orbit, and alſo on Account of her being almoſt cona 
ſtantly conſpicuous, and capable of being obſerved. SE. 


The Moon revolves round her Orbit, or returns to the ſame Star 4 


from which ſhe ſet out, in 27 Days, 7 Hours, 43 Minutes, and 13 


Seconds: She performs her Revolution with Reſpect to the Sun, 


or revolves from one Conjunction with him to another, in 29 Days, 
12 Hours, 44 Minutes, and three Seconds; wherefore her daily mean 
Motion in her Orbit, being little more than 13 Degrees, and her 
daily mean Motion from the Sun, a little more than 12 Degrees, 


conſequently in 2 Minutes of Time, which anſwers to Half a De. 


gree of Longitude, ſhe will. advance in her Orbit about one Mi- 
nute, which is a very diſcernable Alteration of Place. 129 
At Sea, by careful Obſervation, and a little Calculation, the 
Moon's Diſtance may be found from the Sun, or a proper Star; as 
alſo the Time of the Meridian of the Ship when this Diftance was 
obſerved. From Lunar Tables, the Time to the Meridian of 
any noted ObſervMory, ſuch. as Greenwich, may be found; when 
her Niſtance from the Sun, or the aforeſaid Star, is the ſame with 


that found as above, and the Difference of theſe Times turned into 


' Longitude, gives the Longitude of the Ship from the Obſervatory, 


', © About the Beginning of the fifteenth Century, John Warner made 


ſome Attempts to render this Method of finding the Longitude at 
Sea practicable. Dr. Halley judged it the beſt of all aſtronomical 
Methods for this Purpoſe, But as yet, two Obſtacles oppoſed its 
yielding any conſiderable Advantage: The firſt was, that there was 
no Inſtrument by which the Moon's Diſtance from any other ce- 
leſtial Objects could be obſerved at Sea, with the neceſſary Degree 
of Exactneſs; the ſecond, that there were no Lunar Tables that gave 
the Moon's Place with nearly ſufficient Accuracy, Both theſe Ob- 
ſtacles are now happily removed: The firſt, by the Invention of John 
Hadley, Eſq. who, about the Year 1730, completed that excellent 
Quadrant which bears his Name; and which, accommodated as it 
now is with Vernier's Diviſion, and other proper Improvements, 
will, in the Hands of an expert Obſerver, give an angular Diſtance 
of any two remote Objects to a Quarter of a Minute of a Degree. 
And the other, by the great Diligence and Care of Mr, Tobias 
Mayer, late Profeſſor of Aſtronomy at Gottingen, who has brought 
the Lunar Tables to a Degree of Exactneſs before unknown. T heſe 
Tables of Mayer's having, after his Deceaſe, been received in 2 
| a | cri 


„ HY oi d on OE 


' Ceffive Days, 
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fcript by the Commiſſioners of Longitude, and having, by their Ora 
485 8 compared with Dr. Bradley's Obſervations, and. 
from thence received ſome Corrections and Additions; havelately 
been printed and publiſhed, under the Inſpection of Dr Maſkelyne, 
Aſtronomer Royal; who aſſures us; that the Error in them ſcarce 
ever exceeds one Minute at moſt, and ſeldom. amounts to 20 Seconds; 
ſo that the Untertainty hence oe. in the Determination of th 
Longitude can ſcarcely ever exceed E ot a de Bas pen will 
Hot exceed to Minutes: To render Mayer's Tables of general Uſe, 
and ts ſave the Mariner the Trouble of Calculation as much as poſſi- 
ble; by Authority of the Commiſſioners. of Longitude there is now 
annually publiſhed a Nautical Almanack; or Ephemeris, conſiſting of 
a Variety of Particulars; uſeful both to the Navigator and Aſtrono- 
mer; atid containing every Thing that can well be done fot ſhorten= 
ing and facilitating the Operation of finding the .Longitude at Sea, 
by obſerving the, Moon's. Diſtance from the Sun, or a Star. Every 
Mariner, deſſtous of finding his Longitude by Obſervation, will 
undoubtedly take Care to provide himſelf with this Almanack ; 
which done, he may at any Time compute His Longitude abfollows 1 


. © * 


To find the apparent Time/at Sea, and thereby to regulate 


the Going of the Warch,,, | 
5 W 3" 0 ** WS 2 0 | 1 e 
Among the Methods propoſed for this Purpoſe, that by equal 


. Altitudes ſeems very fit to practiſe at Sea, At the Time when the 


Watch ſtands in need of being regulated for the Obſervations in- 


convenicht Time in the Forenoon 3, 4, or 5 Hours diſtant from the 
Meridian, ſet down that Time and Altitude. In the Afternoo 

wait for the Sun's having the ſame Altitude exactly, (the Index of 
the Quadrant being already ſet to the Morning Altitude) and note 
down the Time; then Half the Sum of theſe two Times is the ap- 
parent Time ſhewn by the Clock or Watch, when the Sun was upon 
the Meridian of that Place. : 5 


\ 1 | 
Leſt that an Altitude taken in the Forenoon cannot have 4 cot= 
reſponding ane in the Afternoon, by the Interpoſition of Clouds, it 
is therefore proper to take ſeveral in the Forenoon, in order to have 
a greater Probability of ſecuring a correſponding one in the After- 
noon ; and if ſeveral Obſervations of equal Altitudes can he taken on 
both Sides of the Meridian, it will be beſt to find the Noon for 
each Pait, and take the Mean of all the Noons thus found for the 
Tue nne 35 . 5 \ BE 
Ik there Is Reaſon to believe that the Watch gains ot laſes conſi- 
derably in a Day, other Sets of Obſervations ſhould be taken on ſucs 
elit whereby the daily Variation of the Watch may be 
found and allowed for ; by * Means the Artiſt will have Latls 


* 1 N D IN 6 T. HE 
more to PR in o finding his Laſkicute b Obſeraations 1 3 


the” obſerved Diſtance to the true Diſtance of their Centres; the 
AF 5 * ret thewn by: the Watch regulated as before. | 


e eee A M PL E. 


May 20, 1575. at 8 H. i March 18, 17 7, CEE TM l | 


4 - Arg and at 3H. 16! +2 40 N. at 8 . 10M, 58 8. Fore- 


tera In, by Watch, the Sun had noon, and at 3H. 58M. 21%. 1. 


e Altitudes. Required the had equal Altitudes of the Sun, 
3-15 of the Watch? How did the Watch go? C 
H. M H. M. S. 


Now added together . Add together e R060; 


8 10 58 
388 4 


— 


Take Half the um 56 Take Her the Sum 24 9 3 


Gives app. Noon e 3 Cy Gives the app. Noon 12 4 46 
Noon per Waten 12 0 Noon per Watch 12 0 © 
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Warch too faſt, = 8 Watch too flow „ 


Another Method of finding che apparent Time at Sea. 


With a good Hadley ”s Quadrant, well 2 adjuſted, take the Altitude 
- of the Sun's lower Lib; take the Difference between the Sun's 
--Semi-diarneter, found in Page 34 of the Month in the Ephemeris, 
Abi the Dip of the Horizon, and add it to the obſerved Altitude of 
3 lower ne, and you have the apparent Altitude of his Centre. 

*From which ſabtrac̃t the Correction of his Altitude, as found in 
"the Table for that Purpoſe, and the Remainder will be the true Al- 
titude of his Centre; hence the true Zenith Diſtance. . 
Find the Ship's Latitude and Longitude by Account, at the Time 
bf Obſervation, by carrying the Reckoning W to that Time. 

Find the Sun's Declination in Page 2 of the Month in the Ephe- 


meris ; correct this Declination dy the Ship's eſtimated Longitude, 


and Time from Noon of the Obſervation; with this correct Declina- 
tion find the Polar Diſtance, by adding to it go, when the Latitude 


and Declination are one North, and the other South; but if both 


North or South, ſubtracting the Declination from 9g0®, gives the 
Sun' s Diſtance For the elevated Pale: Then, 
Add together the Ship's Co. Latitude, the Polar Diſtance, and 
Zenith Diſtance. _ 
From Half their Sum ſubtract the Zenith Diftance, noting the 
ſaid Half Sum and the Difference. The 
en 
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1 den to the arithmetical Ca-Sine of the Latitude, add the arith= 
metical Co- Sine of the Polar Diſtance, and the Fanta of the 
Sines of the Half Sum and the Difference. 

Half the Sum of theſe four Logarithms is the Co- Sine of Half 


the Horary Angle, which being doubled gives the e Angle. 


or Diſtance oſ the Sun from the Meridian. 

The Angle being turned into Time by allowing one Hour to. every 
fifteen Degrees, &c. gives the apparent Time at the Ship, if it be in 
the Afternoon; but if; it be in the Forenoon, the Complement to 


gives the be Time, counted from the E san, 2 


EXAMPLE, 1. 


ga a Ship at Sea, in Lat. 39 5% N. and 1 5 30 W. . 
of Greenwich, by Account, on the 7th of May 1778, at 3% oM. 
P. M. by Watch, the Altitude of the Sun's lower Limb was found 
15 457, by a" fore Obſervation, the Eye being 18 Feet above the 


Water. What was the true apparent Time at taking awd oo | 
vation ? 


Ob. Alt. S's lower Limb 15 45' of r 20 5% e 
N 5 3 Lat. 50 6-5 5 95, 
4 3 Ik: nia 4 e 
Diff Semi- di. and Dip 17 50 Ti. at Ship per Watch 3 
—.— Long, F. Ke. 38 30 =2 25 
App. Alt. Sun's Centre 15 56 50 Tre 
Correction from Table e & Ap.Ti.at n 52 
Sun's true Alt. I ; 
Sun's true Zen. Diſt... 72 34 — 


The Sun's Dedination, "May ”, 90 Noon, vets — is 
16 54 520 N. may 8, it is 17* 1/ 117/ N. the aan Diff. on Ins” 
creale is 16/ 19%. : nl 

Then, as 24: 76 10% 17 H. 52M : 5 27% which add. to 
16 5 54 5%, the Sun's Decſination the preceding Noon, gives 
17* ,,N. the Sun's true Declination at the Time and Place of 
Obſervation, which ſubtracted from go® leaves 72 59 ' 48" the- 5 
lar Diſtance, which you may call 


Co. Lat. 50? & 0! Ar. com. Si &. Lat. Joe 4 — Jenin 


Pol. Diſt. 73 © O Ar. com. Pol. Diſt. o 0.01 
Ze. Diſt. TE 6 18 Sine £ Sum a 13 36 36 20 9. 350 
ö "T1 dine of Remainder 24 30 4 f. 
um 197 12 1 | 1 — 
- - Sum of the four Logs. 19-74733 
:Sum 98 3 6 20 3 Co — 
Ze.Ditt 14 > ug Co-Si. 3 the hor, An. 41 37 987366 
— | | 2 - > ons 
Dif. 24 30 1 — — — 
N The hor. Angle 83 14 which being 
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divided by 15, gives 5 H. 32 M. 56 S. the true Time when the | 
7 1 ſo 50 Watch was 2 M. 56 S. too ſlow. Ar 


© The Logarithm for Degrees, Minutes, and Seconds, is found by 
taking the Difference between the next greater and next leſs Loga- 


rithm, and ſaying, as Go Seconds is to that Difference, ſo is the | 
| Seconds given to a fourth Number; which fourth Number being 
+... added to the Rigbt Hand of the next leſs Logarithm, gives the Loga: 
F ' -* rithm required; By the Reverſe of this, when the Logarithm is 


given, the Seconds may be found: But if the given Seconds be 


I half, 1-3d, 1-4th, or nearly any other even Parts of a Minute, the 
like Parts may be taken of the Difference of the Logarithms, and 
added to the next leſs, and that will be the Logarithm of the De- | 
rees, Minutes, and Parts of a Minute tequired, oo ͤ f 
The ſame may be obſerved of natural Sines. 
EXAMPLE HI. 
8 January 1 1774, in Lat. 50 34“ 8. and Long. 550 40/ W. at 
2H. 533M. p. M. per Watch, the true Altitude of the Sun's Cen- f 
Y tre was 4132. Required the true apparent Time, and Error in { 
5 een, | n. 
1 "1H NS. Zen. Dift, ag | | 
3 Time at Ship 2 53 30 Ar. co, Co-Si. Lat. 39 26 0.19710 
. Sb'sLo. 55 40 W. 3 42 40 Ar. co. Pol. Diſt. b7 27 0.03586 
. 2 ee e 5 | ; HO OT wg by xx ; 1 
L Greenwich Ti. 6 36 19 The Sum 154 344 | 
N S's Dec. Jan. I, 22 59 17 5 1 Sum 7! 1 5 77 28 9.98952 
Ditto ditto 2, 22 53 54 Zen. Diſt, ſub." 82 =" 
Deer. in 24H. 5 5 23 Difference 29 © 9.68557 
"Then as 24H, : 5 23: —ů— 
H. 36 M.: 1,24,  _ * Sum of four Logs. - 19 90805 | 
r 87 ; — | 
Spb, Dif. in 6H. 36M. 1 24 Si. co. 4 bor. Angle 25 54— 9.95402 | 
| P's Dec. at Ship 22 57 53 3 — HM,. | 
V or- Ang. 1488 3 27 13 
EEG 3: 3m > 
Polar Piſt. 67 2 o Tit app. Time at Noon 3 27 12 | 
'S ob — — Time by Watch 2 53 30 | 
| 25 Diſt. 48 28 Watch flow —— 
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LONGITUDE-AT SEA. wy 


To find the apparent Time at Sea by an Obſervation of 2 
r oe ONE. - -c.. 1 


* 


eorreẽt by the Dip and Refraction, find the Ship's Latitude and 
Longitude by Account, at the Time of Obſervation, by carryin 
the Reckoain forward to that Time, and find the Star's right Al- 
cenſion and Declination. 5 a | : 
From the Ship's Latitude, and Star's correct Declination and La- 
titude find the Co. Lat. Polar Diſtance, and Zenith Diſtance, -and 
with theſe find the Hour Angle (as ſhewn in the Jaſt Examples of 
the Sun) turn this Hout Angſeinto Time, and apply it to the Star's 
right Afeenſion, by ſubtracting it when the Star is Eaſt of the Me- 
ridian, but adding it when it s Weſt; this gives the right Aſcen« 
ſion of the Mid. Heayen. | . 28 Hes | 


From the Aſcenſion of the Mid, Heaven (increaſed by 24 


Noon at Greenwich, taken from Page 2d of the Month in the 
Ephemeris, the Remainder is the apparent Time of the Obſervation, 
nearly at the Sbip; to which apply the Longitude of the Ship from 
Greenwich, turned into Time, adding it when the Longitude 1s 
Weſt of Greenwich, but ſubtracting it when Eaſt, and you will 
have. the apparent Time of Fig Obſervation, nearly by the Meri- 
dian of Greenwich, > | 

Tien ſay, as 24 Hours is to the daily Variation of the Sun's 
right Aſcenſion, ſo is this Time to a Number of Minutes and Se- 
conds, which ſubtract from the Time of Obſervation at the Ship, 
found as above, leaves the correct apparent Time at the Ship. 


500 K WEE. 
Suppoſe at Sea, May 18, 1774, P. M. in the Latitude 33 43 N. 


den if neceſſary) ſubtract the Sun's right Aſcenſion at preceding 


and Longitude 45 of Weſt of Greenwich by Account, the Alti- 


tude of the bright Star in the Harp, Lyra was obſerved to be 36? 
3', the Height of the Eye above the Sea being 16 Feet. Required 
the apparent Time of Obſervation ? 


| 21:1. 36" 3 of Ship's Las. 4 3N 
Dip for 16 Feet 3 49” Fi Co. Lat. 33 = | 
Refr, 1 5. 7 Heel. N 


True Alt. of Lyra 35 57 53 Polar Diſt. Ir 25 
Zen. Diſt. 54 | * f | ö 
A 5 75 : Whence to 5 e Go | 

o. Lat, 56 17/ Ari. co. Si. co. Lat, $56? 17 0.09999: 
Polar Dift. 4 25 Ari. co. Si. Pol, Diff. 51 4 o. 1880 


Zen. Diſt. 54 2 Si. 1 Sum 80 52 9.99448 
Sum 1 44 Si. Difference 26 50 9.5488 
Sum 80+» 52 5 „ 
zen. Diſt. ſub. 54 2 Sum four Logs. 19.8359 
Difference 26 50 Si. & hor. Angle 34 7 9.91798 


5 


5 Having carefully obſerved the Star's apparent Altitude, which 
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Hour Angle 68 14=4 32 56 


Which ſubtracted from Lyra's right Aſcenſion 


— 


The Rem. is the right Aſcenſion of the Mid. Heaven 13 56 21 
From which ſub. the Sun's right Aſcen. May 18, at Noon 3 40 55 


Remains the apparent Time of Ship nearly 


T0 15 26 


Add Ship's Longitude Weſt of Greenwich, 45 — 3 0 0 


Sum is apparent Time at Greenwich nearly 


Sun's Right Aſcenſion, May 19, at Noon i 
: Ditto, May 19, 


16 ::- 


Daily Diff. or Increaſe of right Aſcenſion BY 


Then fay, as 24 H.: 3 59 


13 15 26 
3 49 55 
3 44 45 


—— 


„ 8 89 
:: 13H. 15 M. 26 S.: 2/13” which 


ſubtracted from 10 H. 15 M. 26 8. the Time at the Ship, leaves 


10 H. 13 M. 13 S. the correct apparent Time at the Ship, at the 


Time of Obſervation. 


NorzE 1. If an Obſervation of the Sun has not been taken the 
preceding Noon, or two Altitudes to find the Latitude, it may be 
* aſcertained by taking the Meridian Altitude of the Star, either be- 
fore or after the Obſcrvation is made for finding the Time. 

Nor 2. If the Ship's Longitude Eaſt of Greenwich in Time be 
greater than the apparent Time at the Ship, the apparent Time muſt 


be increaſed by 24 Hours before ſubtracting the Longitude; and 


in this Caſe, the Sun's right Aſcenſion muſt be taken out of the 
Ephemeris for one Day of the Month leſs than that reckoned at the 
Ship. And if the Ship's Longitude Weſt of Greenwich in Time, 
"added to the apparent Time of the Ship, makes more than 24 Hours, 
24 Hours muſt be ſubtracted from the Sum, to obtain the apparent 


Time at Greenwich; and the Sun's Right Aſcenſion: muſt be taken 


aut of the Ephemeris for one Day of the Month more than that 


reckoned at the Ship. 


The Object, whether Sun or Star, whoſe Altitude is taken for 
finding the Time, muſt be, at leaſt, three or four Points of the Com- 
paſs diffant from the Meridian; becauſe near the Meridian, the Al- 
teration in Altitude is too ſlow for aſcertaining the Time with pro- 
per, Exactneſs; but the nearer the Object is to the Eaſt or Weſt 
the better, provided it be not leſs than 5* high; for as the Refrac- 
tion is variable and irregular near the Horizon, lefs Altitudes than 
5” ought not to be uſed, as the Effect of Refraction upon them can» 


ct be determined with ſufficſent Cetrainty. 2... 
A. s often as the Moon's Diſtance from the Sun 
in order to find the Longitude, the apparent Time at the Ship o_ 
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or Star is obſerved, 
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be found. The Difference between this Time, and the Time of 
taking the Altitude for finding it, given by the Watch, ſhews the 
Error of the Watch, and whether it be too faſt or two flow; and this 
Error muff be carefully allowed for, in eſtimating the Time of tak- ' 
ing the Moon's Diſtance from the Sun or Star. The leſs the Inter- 
val of Time between finding the apparent Time, and obferving the 
Moon's Diſtance, the better; and it is the ſame Whether it be be- 
fore or after obſerving her o 


To take the Obſervations neceſſary for finding the Longi- 
e e e ß  R 0 
The capital Obſervation for this Purpoſe is, that of the Diſtance 
of the Moon from the Sun, or ſome remarkable Star not far from the 
Zodiac. In order to make ſuch Obſervations, the Obſerver muſt be 
furniſhed with a Watch that can be depended upon for keeping 
Time, within a Minute for ſix Hours; and with a good Hadley's 
Quadrant, or rather Sextant, Which is preferable to a Quadrant. 
The Inſtrument will ſtill be more fit for the Purpoſe if it be turniſhed: : 
with a Screw, to move the Index gradually and ſteadily; an addia «ih 
tional dark Glaſs, lighter than the common Screens, to take off thd . _ 
Glare of the Moon's Light, in obferving her Diſtance from a fixed - 
Star; and a (mall Teleſcope magnifying three or four Times, to 
render the Contact of the Star with the Moon's Limb more diſcern- 
able; a magnifying Glaſs of x 4 or 2 Inches Focus will aſſiſt the Ob- 
ſerver to read off his Obſervation'with greater Eaſe and Certainty. : 
The Obſerver muſt, in the firſt Place, examine his Inſtrument. 
with the greateſt Care, and adjuſt it with the utmoſt Exactneſs poſ- 
ſible ; which done, let him proceed to his Obſervation as follows: 
If the Diſtance of the Moon from the Sun. is to be obſerved, turn 
down one of the Screens, lock at the Moon directly through the 
tranſparent Part of the Horizon-glaſs, and keeping her there, gently 1 
move the Index till the Sun's Image is brought into the ſilvered Part | 
of that Glaſs, bring the neareſt Limbs of both Objects into Contact, 
and let the Quadrant librate a little on the Lunar Ray, whereby 
the Sun will appear to riſe and fall by the Side of the Moon; in 
this Motion the neareſt Limbs muſt be made to touch one another 
exactly, by moving the Index; when this is effected, the Obſerya- 
tion is made; and the Diviſion cut by the Vernier Scale will ſhew * 
the Diſtance of the neareſt Limbs of the Objects. | 1 =. 
If the Diſtance of the Moon from a Star is'to be obſerved, when . 
the Moon is very bright, turn down the lighteſt Screen, or uſe a | 
dark Glaſs, lighter than the Screens, and deſigned for this particular 
Purpoſe; look at the Star directly through the tranſparent Part of + 
the Harizon-glaſs, and keeping it there, move the Index, till the 
Moon's Image is brought into the filvered Part of the fame Glaſs; let 
the Quadrant librate gently ou the Star's Ray, and the Moon will 
appear to riſe and fall by the Star; between the Librations > — 
of VVV .- ,-- 1445. BR 
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Index till the Moon's enlighteried Limb is exactly touched by ths 
Star, then the Obſervation, is made. na | 1 


I The Quadrant is to be held as for a fore Obſervation, and its Plane 


muſt al»yays be made to paſs through the two Objects, whoſe Di. 
tance is to be obſerved, and for that Purpoſe muſt be put irito va- 
tious. Poſitions, according to the Situation of Objects, which will 


be rendered familiar by a little Experience. 


| 2 5 „ "Sq. 1 
At the very Inſtant, of at moſt within à few Seconds of the 
Time, at which the Obſerver gives Notice of completing his Obſer⸗- 


vation, ſomebody muſt obſerve the Hour, Minute, and Quarter Mis 
nute (if there be no Second Hand Jof the Watch, uſed for finding 


/ * 


the aforeſaid Notice, or at the utmoſt within a Minute of that Time, 
two Aſſiſtants muſt take the Altitudes of the two Objects, whoſe 
Diſtance is obſerved; all which being done, the Obfervations ne- 
deſſary for aſcertaining the Longitude are completed. 1 
In the Ephemeris is found, the Moon's Diſtance. frotti the Sun, 
and alſo from proper Stars, to every Three Hours apparent Time, 
by the Meridian of Greenwich; and to afford the Mariner greater 
Nutnber of Opportunities of Obfetvation, and Means of attaining a 
greater Degree of Exactneſs, her Diſtanee is generally ſet down from 
at leaſt one Object on each Side of her. Her Diſtance from the Sun 
is found fet down, while. it is between 40 and 120%, fo that by uſing 
a Sextant, it may be obferved for two or three Days after her firk, 
and before her laſt Quarter; while ſhe is between 20 and 40 from 


the apparent Time; and the ſame Inſtant of the Obſerver's giving 


the Sun, her Diſtance is ſet down only from a Star on the contrary 


Side to the Sun: while ſhe is between 40? and go? from the Sun; her 


Diſtance is ſet down both from the Sun and from a Star, on the contrary 


Side to tne dun; when ſhe is between go? and 120 from the Sun, 


her Diſtance is ſet down: both from the Sun and a Star, on the ſame 


Side with the Sun, aud alſo from a Ster on the contrary Side to the 
Sun, Laſtly, when ſhe is above 120 from the Sun, her Diſtance 
is ſet down from two Stars, one on each Side of her. Her Diſtance 


from 0 Fe on the Eaſt of her is found in the Ephemeris, in tbe 


8th or gth: Pages of the Month; her Diſtance from Objects on the 
"Weſt of her is found in the loth and 11th Pages of the Month. 

An Obſerver who uſes the Ephemeris, mult obferve the Moon's 
Diſtance from ſome of thoſe Stars only, whoſe Diſtance, from her is 


8 ſet dowr in the Ephemeris, and the Diſtances there ſet down afford 
him a feady Means of knowing the Star from which her Diſtance 


ought to be obferved:; for he has nothing to do but to ſet his Qua- 
drant to the Diſtance computed roughly at the apparent Tims, eſti- 


- mated nearly by the Meridian of Greenwich, and look to the Eaſt or 
Weſt of the Moon, according as the Diſtance at Greenwich is found 
in the 8th or th, or in the roth or 11th Pages of the Month, and 


having found the Moon upon the Horizon-glaſs, let him give 2 


Sweep with his Quadrant to the Right or Left, and he will find. the 


Star he want, if it be above the Horizon, and the Air to be clear, 
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zn nearly a Line perpendicular to the Line joining the Moos 
yo 2 is the ſame, in the Line of the Moon's ſhortes 
The Time at Grenwich is eſtimated nearly by turning the Ship's 
ſuppoſed Longitude from Greenwich into Time. and adding it to, or 
ſubtracting it from, the apparent Time at the Ship; as the Ship is 
Eaſt or Weſt of Greenwich; and the Diſtance of the Moon from 
the Star, at this Time, is found roughly, by ſaying, as 180 Mi- 
nutes, the Number of Minutes in three Hours, is to the Difference 
in Minutes (neglecting Seconds) between this nearly eſtimated 
Time, and the next preceding Time ſet in the Ephemeris; ſo is the 
Difference in Minutes between the Diſtances in the Ephemeris, ſet 
down for the next preceding Time and the next following Time; 
to a Number of Minutes, which added to, or ſubtracted from, the 
Diſtance ſet down for the ſaid preceding Time, according as it is 
increaſing or decreaſing, gives the Diſtance nearly at the Time the 
Obſervation is to be made, and to which the Quadrant or Sextant 
is to be ſet, 5 820 | 0 


Io reduce the obſerved or apparent Diſtance of the Moon's 
Limb from a Star, or from the Sun's Limb, fo the true 
Diſtance of their Centres, and to find the Longitude of 

the Ship from Greenwich. IG ph 

To the apparent Time of the Obſervation at the Ship, apply the 

Longitude turned oe Tg: by Subtraction or Addition, accord- 

ing as the Ship is Eaſt or Weſt of Greenwich; this gives the ap- 

parent Time of the Obſervation, whiq; call the reduced Time, 

In Page the 7th of the Month, in the Ephemeris, ſeek the neareſt 

Noon or Midnight preceding the reduced Time; and alſo the neat̃eſt 

Noon or Midnight following it; always taking the neareſt to the te- 

duced Time both before and after it, whether Noon or Midnight. 
Write down the Moon's Semi-diameter, and horizontal Parallax, 

for the preceding Noon or Midnight; and alſo for the following 

Noon or Midnight ; and find the Difference between the two Semi- 

diameters, and between the two Parallaxes : The firſt of theſe 

Differences is the Variation of the Semi- diamęter in*12 Hours; and 

the ſecond, the Variation of the horizontal Parallax in 12 Hours; 
then ſay, as 12 Hours is to the Difference between the reduced 

Time and the preceding Noon or Midnight, ſo is the Variation f 

the Semi-diameter in 12 Hours to a fourth Proportional, and fo is 

the Variation of the horizontal Parallax in 12 Hours to a fourth Ptg- 
portional; theſe Fourths applied reſpectively to the Semi- diameter 
nnd Parallax, for the preceding Noon or Midnight, by Addition or 
Subtraction, according as the Semi-diameter and Parallax are in- 
ereaſing or decreiſing, give the Moon's horizontal Semi-diameter 

and Parallax for the reduced Time. 2 
To the Moon's horizontal Semi-diameter for the reduced Time, 

add the Correction anſwering to her obſerved Altitude, taken from the 

„5 VVV 
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Table; the Sum is the true apparent Semi-diameter, at the Time 
and Place of Obſervation, _ „ 
To the obſerved Diſtance of the Moon's Limb from a Star, apply 
the Moon's true apparent Semi-diameter, juſt found by Addition 
or Subtraction, according as the Limb, neareſt to, or fartheſt from 
the Star, was obſerved, and you will have the apparent Diſtance of 
the Moon's Centre from the Star. But to the obſerved Diſtance of 
the Sun and Moon's neareſt Limbs add the Sum of the Sun's Se- 
mi- diameter, taken from Page 3d of the Month in the Ephemeris, 
and the Moon's true apparent Semi- diameter juſt found, and you 
will have the apparent Diſtance of their Centres. „ 
Take the Difference between the Sun's Semi- diameter found in 
the Ephemeris, and the Dip of the Horizon, and add it to the ob- 
ſerved Altitude of the Sun's lower Limb, but ſubtra&t from the ob- 
ſerved Altitude of his higher Limb, and you will have the apparent 
Altitude of his Centre. Take the Difference between the Moon's true 
apparent Semi- diameter and the Dip, and add it to the obſerved Al- 
titude of her lower Limb, but ſubtract it from the obſerved Altitude 
of her higher Limb, and you will have the apparent Altitude of her 
Centre; and ſubtract the Dip from the obſerved Altitude of a Star, 
and you will have its apparent Altitude, 1 
From the apparent Altitude of the Sun's Centre ſubtract the Cor- 


rection to that Altitude, taken from the Table, and you will have 


its true Altitude ; to the apparent Altitude of the Moon's Centre, 
add the Correction to that Altitude, and her horizontal Parallax at 
the reduced Time, taken from the Table, and you have the true 
Altitude; and from the apparent Altitude of a Star, ſubtract its Re- 
FraQtion, taken from the Table, and you will have its Altitude. 
I . o the natural Co- ſine of the Difference of the apparent Altitude, 
or the Moon and Object from which her Diſtance was abſerved, ap- 
ply the natural Co- ſine of the apparent Diſtance of their Centres, by 
Subtraction or Addition according as this Diſtance is lefs or greater 
than go", and find the Logarithm of the Remainder or Sum. 


 .. T0 this Logarithm add the Logarithmic Co-fines of the true | 
. Altitudes of the Objects; from this Sum ſubtra the Sum of the Co- 


ines of the apparent Altitudes; a1.d find the natural Number cor- 
reſponding to the Remainder : The Difference between this Num- 
ber and the natural Co-fine of the Difference of the true Altitudes 
of the fre is the natural Co- ſine of the true Diſtance required. 
22 In the Ephemeris, among the Diſtances of the Objects on the Day 
of Obſervation, ſeek for this computed Diſtance, and if it be there, 
.the Time of Obſervation at Greenwich is at the Top of the Columns 
above it; but if the computed Diſtance falls between two Diſtances 


in the Ephemeris, as it enerally. will, then ſay, as the Difference 


between the two neareſt Diſtances in the Ephemeris, is to 3 H. fois 


the Difference between the firſt of theſe Diſtances and the computed 


_ Diſtance to the Time, which, added to the Time ſtanding over the 
ſaid firſt Diſtance in the Ephemeris, gives the true I imè of the 


Obſcrvation of the Objects by the Meridian of Greenwich. The 
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The Difference between this Time and the Time of the Obſer- 
vation at the Ship, being turned into Longitude, gives the Ship's 
Longitude from Greenwich, Eaſt or Weſt, according as the Time 
at the Ship is greater or leſs than that at Green wic. 

II . 
Being at Sea, May, 14, 1774, in Longitude 20 3of Weſt of 
Greenwich, by Account, at 6 H. 3o M. P. M. by a Watch regu- 
lated before by a good Obſervation of the Sun's Altitude “, I ob- 
ſerved the Diſtance of the Sun and Moon's neareſt Limbs to be 
45? 5%, and at the ſame Inſtant two Aſſiſtants obſerved ; the one, 
the Altitude of the Sun's lower Limb 5 84“, the other, a Height af 
the Moon's lower Limb 42* 18, the Height of the Eye being 18 
Feet above the Sea, Required the Ship's true 8 2 3 


Apparent Time at Ship | | ED JE Ln 
_ Ship's Long. Weſt of Greenwich by Acc. 20* 30' 1 22 
Reduced Time „ 7 52 : 


, 


In the Ephemeris for May the 14th, 1774, 
The. horizontal Parallax for that Time is 54 11% 


Moon's Semi- diameter for reduced Time is 14 4& 
Correction for Moon's Alt: 42" 18 from Table J. 11 

Moon's true apparent Semi- diameter | 7 5 14 57 5 | 

Sun's ditto | Vm Is 33 


Sum of dun and Moon's Semi-diameters . % a. 
| Obſerved Diſt, of Sun and Moon's neareſt Limbs 45 5 45 


Aparent Diſtance of Sun and Moon's 1 7 Ne £4 


Sun's app. Semid, 15' 52 Moon's app. Semid. 14 57 


Dip for 18 Feet 4 3 Dip for 18 4 3 
DME. 10 69 DS” „ 
Ob. Alt. Sun'slow. Limb 5˙ 8 30 Moon's ob. Alt. 42 18 © 


1 


Sun's app. Alt. 


3 OR „ 

Cor. from Table I. 5 9 1 Cor. from TablelI. 38 JT 8 
Sun's true Alt. 5 11 3 Moon's true Alt. 43 6 36 

5 —— Sun's true Alt. 3 
Moon's app. Alt. 42 28 54 AE e mona, 

Sun's app. Alt. | 5 20 19 Diff. true Alt. 37 55 33 


Diff. app. Altitudes 3 8 35 


* 8 
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Nat. Co-fl. Diff. of app. Alt. 7 87 287 79714 _ 
Nat. Co- ſine app. Diſt. 51 36 155 69955 


Dif. of Nat. Sines . | Its Lo ö I 8 | J 
4 mk Cob. Sun's true Alt. 5 11 Wo, 22 0 3-9994r 
Sum Co-: ſi. Moon's tr, Alt. 43 6 5 —.N83381 = 19.8615 
e 3 238509 
Sub. g Co- ſi. Sun's app. Alt. 5 20 199.9908112 

Sum Co-fi. Moon's ap. Alt. 42 28 323 + wo ; 19.8658; 
Nat Number to Remainder 9 5 9663 398570 


Nat. Co-ſine Diff. true Alt. 37 55 53 = 78875 


— —— 


Nat. Co- ſine true Diſt. e 69212 


Now in Page 8th of the Month in the Ephemeris, I find that on 
— i : H. . 
Preceed. neareſt Diſt. at 6, 45 187 of Pre. near Diſt. at 6, 45 18 00 
followingneareſt Diſt at 9, 46 38 57 Computed Diſt, 46 12 5 


— — 
- 


Difference 1 20 57 Difference 30 $6 

Then fay, by the Rule of Three, as 1 H. 20M. 57 S.: 3H; : 54M. 
58. 2 H. o M. 15 8. which being added to 6 Hours, the Time 
ſtanding over the preceding Diſtance, pives 8 H. o M. 15 S. the true 
Time of the Obſervation at Greenwich, and the Time at Ship was 
6 H. 30 M. the Difference between theſe Times is 1 H. 30 M. 158. 
this reduced into Longitude, by allowing 157 to one Hour, gives 
229 34 the Langitude of the Ship from Greenwich, and is Welt, 
becauſe the Time at the Ship is leſs than at Greenwich, =». 


EXAMPLE n. 
Being at Sea, May 18,1774, in Latitude 33 43' N. and Longitude 
45 W. by Account. 17 at” M. P. A. der Watch, I obſerved 
the Diſtance of the Moon's fartheſt Limb from the Star Spica to be 


50 27%, and at the ſame Time three Aſſiſtants obſerved, one the | 


Altitude of the Moon's lower Limb 24 18 40% another the Alti- 
tude of Spica 45 132, and the third, in order to find the apps 
rent Time, the Altitude of the bright Star, in the Harp Lyra 
36 32“; theſe Obſervations were made with Hadley's Quadrants 
well adjuſted, the Height of the Eye abave the Water being 18 Feet, 
Required the Ship's true Longitude ? 5 
The true apparent Time at the Ship being computed from the 
bright Star's Declination and Altitude with the Ship's Longitude, 
is found to be (ſee Page 277) | 10H. 13 13 
dhip's Long. Welt of Greenwich by Acc. 45 = 3 % © 


— 


Reduced Time 13 13 13 
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Now as this Time is ſo near Midnight, the Moon's horizontal 
Parallax and Semi- diameter may be taken for that Time, as the 
Variation in ſo ſhort a Time-after Midnight would not affect the 
Calculation much. Therefore, | 


May the 18th, the Mn's Hor. ſem. is 15/ 16 and Hor. Par. 56 4 


Moon's true Hor. Semi-diameter for reduced Time 15 16 
Correction from the Table I. for ob. Alt. 24* 18/ 40/7 © Te 
Moon's true apparent Semi-diameter 5 | Re: 15 23 
Obſ. Diſtance of Moon's fartheſt Limb from Spica 50 27 45 
App. Diſtance of Moon's Centre from Spica . 
Spica's obſ. Alt. 45 13 15" Moon's true app. Semi-di, 15 2 
Dip for 18 Feet 4 3 Dip for 18 Feet 4 2 
App. Alt. 45 9 12 Diff. | II 20 | | 
Refr, for that Alt. 57 Moon's obſ. Alt. low Limb 24 18 40 
Spica's true Alt. 45 8 15 App. Alt. Moon's Centre 24 30 0 
—— Cor. from Table II. 53 
Spica's app. Alt. 45 9 12 True Alt. Moon's Centre 25 18 53 
Moon's app. Alt. 24 30 © Fpica's true Alt. „ 
Diff. app. Alt. 20 39 12 Diff. true Alts. | 19 49 22 


Nat. Co-ſi. Diff. app. Alt. 20 39/ 12//—9357 

Na. Co- ſi. Diſt. Moon & Star 50 12 22 3 | 

Dill. Nat, 2 : ES 23570 ItsLog. 4.47085 
d 1 Corſi. Star's true Alt. 45 8 15 9 8484417 

Sum ( Co-fi, Moon's true Alt. 4 18 53 9956151 © wh 80459 


| IEEE DELETE — — 


* 
7 


Sub. J Co- f Star's 3 Alt 848321 57540 
dub. J Co- ſi. Star's app. Alt, 45 9 12 9.848321 2 
Sum | Se.. eas agp. Al. 24 3 0 2 = 19-60734 


Nat. Number of the Remainder 29384 4.46810 
Nat. Co-ſi. Diff. true Alt. 1949“ 22” 940% | 


Nat. Co-fi. true Diff. of Moon and Star 64691 =49% 43 2037 
prone th Page 10 of the Month in the Ephemeris, I find that on 
wk... - . - | | | 
The pree. near. Diſt. at 12 is 50 600 13“ Prec. near. Dif. 50 16 13 
The following near, Niſ, 48 42 9 Computed Dif. 49 41 33 


——— —Pl— 


Diffexencs = 1 4 Differeme 0 4 40 
i 5 2 en, 
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Then, as 1H. 34 M. 45-2 2H. : 34 M. 40S. 2: 1H. 6M. 208. 


which added to 12 f. the Time ſtanding over the next preceding 


Diſtance, gives 13 H. 6M. 20 8. the Time of the Obſervation at 


Greenwich; the "lime at the Wir was 10H. ee 138. the Dif- 


of Longitude, which is Weſt, becauſe the I ime at the Tp 1s leſs 
than at Greenwich. | 


equal Altitudes of the Sun, the 


ference is 2H. 53M. 8 
in, as 1H 2:15” :: Hl. 52 M. 78. 43” 1620 „the Difference 


X M P I. E III. 


Suppoſe May 25, 1775, in Longitude 17 30 E. of Greenwich, 
by Account, at 6H. 30M. P. M. Bi Watch, regulated before by 


| neareſt Limbs was obſerved to be 44 57/ 30% ; at the ſame Time 
the Altitude of the Sun's lower Limb was 5* 87/ and the Moon's 


— 


lower Limb 42* 187; the Eye being 18 Feet above the Surface of 


H. M. 
Apparent Time of the Obfervarion at the Ship 16 30 
Ship's Long, Eaſt of Greenwich, by Acc. 17 30 1 10 


— 


the Sea. Required the Longitude : ? 


Reduced Time 5 20 
| In the Ephemeris, and for the Month of May, 
In Page 3, for the Month, the 25th, the Sun's Semi- di. i is 1 15 49? 


In Page 7, 
May 25th, at Noon, Moon's hor. Semi-di. 15 42/ Hor. par. 57 9 26 


| May 25th, at * )'s hor. Samba, 15 38 Hor, Par. 57 22 


Varintion in 12 Hours . : "0 15 
Then as 12H: : £” 32:6 H. 20 Me. : i”, and becauſe the Semi- 


diameter is decreaſing, 1 & 427 —1/=15) 41/'=Moon's horizontal 
Semi- diameter at the, reduced Time. 


And as 12H. : 15” : SH. 20/ : 67%; and becauſe the Parallax is 
decreaſing, 57 e 257 31%, Moon's true horizontal Parallax 


at the reduced Time. 
Moon's hor. Semi-diameter for the reduced Time 23 ar” 


* from Table J. | 4 

Moon's true apparent Semi- diameter | 15 52 
Sun's ditto | 1 15 49 
Sum of the Sun and Moon's Semi-diameters _ 3141 


Apparent Diſtance of Sun's and Moon's Centres 45 29 11 


Obſ. Diſt. of the Sun and Moon's neareſt Limbs „ 


— —— 


CY of the Sun and Moon's : 


ff I; an en 


Sun's 
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Sun's app. Semi-di. o 15 49 Moon's true ap. Semi. o 15 52 


Dip for 18 Feet 4 3 Dip "os „ 
Difference  . © 11 46 Difference 2 ; & 11 49 
Obſ. Alt. dunn 5 8 30 Obl. Alt. M's. lo. Lb. 42 18 ©. 
App. Alt. Sun's Cen. 5 20 16 App. Alt. M's. Cen. 42 29 49 
1 — from Table J. 9 16 Cor. from Table II. 40 50 
Cor. Alt Sun's Centre 5 11 M's true Alt. Cen. 43 10 39. 
. ——— Gun's ditto © 11 3 
Moon's app. Alt. 42 29 49 „ 
Sun's ditto „ 16 Diff. of true Alt. 37 59 39 


— 2 — . 


App, Alt. 37 9 33 


Nat. Co- ſi. Diff. app. Alt. 37% 33 —79693 
Nat. Co- ſi, apparent Diſt. 4529 11. —70108 


Diff. of Nat. Sines | | 9585 Its Log. 3.98159 
Add Log.Co-fi.S's. trueAlt.5 11 o0—9.99322 1 | 
om. Log. Co- ſi. M'str. Alt. 43 10 322 Bs 190008 

| . . 


Sub. J Log. Co- ſi. 8's. ap. Alt. 5 20 169.998 11 
Sum 1 Log. Co-ſi. M's. trAlt.42 29 49—9.86767 


1 
F —— — — — = 


Nat. Num. of the Remainder 9480 Its L Fes, | 
Nat, Co- ſi. Dif.of the trueAlt. 37. 59 39 78813 8.3 97690 


= 19.86578 


Nat. Co-fi. true Diſtance 46* 6 24 = 69333 


Preceding neareſt Diſt. 44* 50 40* Preceding 44 50 40 
Following 43 27 40 Computed Diſt. 46 6 24 
Difference I 32 @ Difference 1 8 44 


Then as 1* 32“: 3H. :: 1*6/ 44” : 2H. 10M. 225. which being 
added to 3 Hours, the Time ſtanding over the preceding Diſtance, 
gives 5 H. 10M. 34S. the true Time at Greenwich; and the 
Time at the Ship was 6 H. 30 M. the Difference between 
theſe Times is 1H. 19M. 268. which turned into Longitude, gives 
19 50', and is Eaſt, becauſe the Time at the Ship is greater than 
at Greenwich, © 1 as bY 
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> Suppoſe a Ship from Madeira bound to England, after failing 


ſeveral Days in cloudy Weather, ſhould on the 8th of July 1779, 
at 7 30 A. M. per Watch, well regulated to apparent Time by the 
Sun's Altitude, and the Quadrant well adjuſted, the Diſtance be- 
tween the Sun and Moon's neareſt Limbs 59* 42/; and at the ſame 
Time the Sun's Altitude was 48 50/, and the Moon's 8 25, the 
Height of the Eye being allowed for, the Latitude was found b 


two Altitudes to be 40*N. and Longitude by Account 10*W, 


required the Ship's true Longitude ? 


| 5 Moon's Horizontal Par. for?! . 
Time at Ship 19 30 Reduced Time is 4 39 
Long. 10*'W.= 40 Moon's app. Semi-diam. 16! 4% 

EE Cor. fr. Tab. T. Alt. 18* 48/ ——— 
Reduced Time 20 10 es | 8 3 — 
| 2 Moon's true Semi-diam. 16 9 
Sun's true Semi-diasx. 15 47 
Obſerved Diſtance £7: 06 43.0 
as | App. Diſt. of Sun & Moon 60 13 56 
S's app. Semi- dia. 15' 47!” M's app. Semi-diam, 15 9 
Ob. Alt. 48 50 o Obf. Alt. „ 
App. Alt. 4 47 Moon's app. Alt. 18 41 
| Don: froes Tab. I. iy : 7 Corr, from Tab. II. 5 $3 ; 
Sun's true Alt. 49 5 4 Moon's true Alt. ' 19 34 16 
: Moon's true Alt. 19 34 16 „„ — 
| N — Fun's app. Alt. 49 5 47 
Diff. true Alt. 29 30 48 Moon's app. Alt. 18 41 9 


„ . 2 Diff. app. „ 30 24 38 
Nat. Co- ſi. Diff. app. Alt. 30 24 38” 86242 . 
Nat. Co- ſi. app. Diſt. 60 13 56 49649 


Diff. 5 Nat. Sins 5 . 3593 Its Log. 4456340 
Add fi Log. Co- fi. un's tr. K. 55 :& 5810621 
Sum Log. Co-ſi. Moon's tr. Alt. 19 34 16 3973555 19222035 


Sub. J Log. Co- fl. Sun's app. Alt. 49 5 47 9581610 1 0 
Sub. Co- ſi. Sun's app. Alt. 9,5816107 
Sum Lex. Co-fi. M's app. Alt. 18 4x 9g 3.976488 19979258 
Nat. Sum of Rem. 386406 4.56118 
Nat. Co- ſi. Diff. true Alt. 29 30 48 87024 
Nat. Co · ſi. true Diſt. 50618 2 59 35 24% 
„ 5 1 Now 
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Now WY the Ephemeria, = 5 . 
Next preceeding Dift. at 18d 245 ber 60 43 24 
Next following Diſt. at n EL com. Diſt. 59.35 47h 
Diff. in 3 Hours a | if x 8 


Then 3 37 727 3 : n 8 of 25 65 go and 2 & 8% . 205 
20 6/ 8/” the true Time at Greenwich, Big, Time at the Ship 
was I9 ew: now 20 6! 8'/=—19* 30/ ie! pe of 2/ the true Lon» 
gitude OR 58 Miles 2D, the ngitude by Account. 


p EXAMPLE: Les 
| WE in 1780, 8 Ith at 11* 8 5 14% apparent Time, 
being by Account in Lat. 48 9/8. and Long, 116150 E. the ob- 
ſerved 1 Ditance between the Moon 8 fartheſt Limb an and Aldebaran 
ſhould be 58* 30/ 2, the Star's. Altitude 25 10/ and the Moon's 
lower Limb 8* 2/ 57%. Required the Ship's true Longitude, 

Now Long. by Account i is 116* 15/= 7 45 and 11 15! 14//— 
| 7, 45 5'= 3* 30/ 14" app. Time at Greenwich. At this Time the 

oon's Semi-diameter is 15/ 3“ and horizontal Parallax 550 t3/ by 

Almanack, And 58* 13 15//\—15/ 3/258 15/ 120, the apparent 
Diſtance of Moon and Star. 


Star's app. Alt. 25 107 of Star's app. „ 25 10 
Refrain I . Moon's app; ditto, 8 18 


| Star's true Alt. 5 Diff. app. Alts. i 


Diff. true Alts. a 16 5 


| Moon's abſ. * . 7. 57% 
Wee enen. eee 
C 8 18 0 5 
Correct. from Tab. u. 48 14 
| Moon's true Alt. 3a 6 15 
Nat. Co- ſi diff. app. Alts. 16% 52) o!=95698 
Nat. Co- . app» Diſt, 45. 15 12 52616 | 1 
vil of Nat. ines — 7 43082 Its Log. Lo 
o-11, r 5902995680 
san] Lg. Co-ſi * s tr. Alt. 9 G I 15 895 39450} © e 
Sub Ala gr Seren Al 668 eee 
5 f o- ſi. St's app. Alt. 25 10 o =9 95 — | 
| Sum UE Co- ſi M's app. Alt. 8 18 0 * e = * | 
Nat. Num. correſponding 8 43002 = N 
f Nat. Co- ſi Diff, of true Alts. 16 1 44 430 I2 | 
Nat. Co-fi, true Diſt, kn - $3110=57* 55/ 11 
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No 33 is given che Ship 8. Time 115 1 50 40 10 corre 
e 
autical Almanac e 
Et Diſtance at 3 is 157 4 47 4. bel * a & 
The following Diſtance at 6 is 59 0 Nes . . Ir 


W 


* 


| Difſence of/Diſ. in hours 1 7 2 es 1 4 I 


wy 


/ 
30 . 5 1542 4 Ty ab: Wie ab a 
3 true Time 5 "I: and Ship” Tims Dy 15157 oo, =. 
Wich Fino 2 58. 2 50 11“ The true Difference of Time be- 
tween che 5 hip and Greenwich, which, turned into Degrees, is 
117 33's e Error i in e by eee is Can Welt, 


— POT | — v4 SS * 27 


EXAMPLE. = rhe 


4 "4 { G 3 % . 
7 8 243 


Soppoſe i in 51 Sack 1779 on | Oftober TY: at gi 5 ge by a 
Wack, the Diſtance of the Sun and Moon's neareſt Limbs 170 
3/, the Altitude” of the Sun's Lower Limb being 7 S4, and 
= Moon's '8* art 24, and the Ship by Account in Latitude 51* 
47! S. and Longitude 70 Wu e the Ship's true. Eid 

tude ? 
Moon's Par. 11 5 * 67 


7 Reduced Time is 

7. ime by Watch . 20 5 BE. 3 — 
Long. 70* W. ="4 40 Sun's Semi-diam. 18 2 
— Moon's Semi-diam. 16 2 

* Time 0 0 43P.M. Ob. Diſ. ande Mn. 107 39 45 
| 3 App. Diſt. 108-11 49 
Sun's . i 2 Mow eSemi-diam, 16 2 
u 5:4 Obſ. Alt. 8 41 11 
Sun's app. Alt. 5 21 6 Moon's app. Alt. 8 57 13 
Cor. fr. . 5 3 . | Corr. from Tab. IL. 52 13 


Sus tru Alt. | 4 15 17 49 | Moon's true Alt. I 5 0. 
"FS Firſt, to find the i100 Time, | | 


Lat. 3 Sun's Alt. 1 C 17 49 Decl. 3 148. 
Co. Lat. | 38 43 Co. Alt. 74 42 11 Polar Dif, 93 14 


- 
- 


00 


1 N N : 5 
. 
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„ 
Fol 


Co. Lat. 38 43 3 Aridhm. Ca. ft, o, 20379 
Polar Diſt. 93 14 Arithm. Co, fi. 0,00069 
Co. Alt. e 42 11 | = 3 

on” ab 39 11 5 


IX Sum 5 103 19 35 55 Log Co. fi. a 9,988 14 * 


Remainder, 25 37 4 Ls cf. 95 


| Log. Co- ü Hour Angle 29 55 , 9 4 _ 9493788 
Hour Angle | 59 50 8 = 3 59 2% 


Time at Ship. 8 & 39 
By Watch 2 5 (a) 

Watch faſt > ; | 
de to find the Diſtance, e 
Sun's true Alt. 13 17 490“ Sun's app. Alt. 17 * 6⁰¹ 

Moon's true Alt. 


3 


Diff. true Alt- ri Diff. a app. Alt. 6 23 33 Fs 
Nat. Co-fi Diff. . Alt 23 53' 99378 | 
Nat. Co- ſi. app. Diſt. 108 11 49 31229 | * 5» > if. 


Sum Nat. Sines berate above go? 


Add g. Co- ſi. Sun's tr. Alt. 15 4 984 19,979 
Sum } Log Co-fi. Moon's tr. Alt. vs $-0 995251 4 97 
25 0903 G 


0 Mapa app. Alt. $57 13 


0607 Its Log. 3571637 | 


Sub. 2 Log. Co- ſi. Sun's app. Alt. 1 +: 6 9,98422 1997889 | 


dum S Log. Co- ſi. Moo's app. Alt. 7 13 9,99467 
Nat. Num. | I 30410 117 
Nat. Co- ſi. Diff. true Alt. 712 49 99208 e 
Nat. Co-fi true Dif. nnn. 21202 
Now by the Nautical Almanack for 1779, October 1, | 
Diſtance at Noon is 108 51 20 108% 57 200% 
At 3 Hours 7 107 15 11 com. * ay 11 8 
PIE. in 3 Hoare 3 9. o 30 12 
Then a o 30/ 12: 560 and + 50 
* 5 ICY 05 * ! or Time at WES * 
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20 0 39 Time at Shir 


ñãln OY ER 3 
Long. by Account 8 n e 
Error in Long. | : 75 1 3 58 E. or 


In order to.obtain a greater Degree of Exactneſs, it will be bet- | 


ter to repeat the Obſervation of the ſame Object, till at leaſt three 
Diſtances, and their correſponding Altitudes and Times be obtain- 
ed; but the more they are taken the better, only they muſt all be in- 


cluded within the Space of Half an Hour; the Sum of all the ob- 


ſerved Diſtances and Altitudes divided ſeverally by the Number of 
Obſervations, gives the mean Time, Diſtance, and Altitude; and 


theſe Means are to be uſed as if they had been obtained by a ſingle 


Obſervation, and may be depended upon with greater Certainty. 


For Inſtance, let us take the firſt Example from the Nautical 


Ephemeris, in the Year 1767, done by Dr. Maſkelyne, Aſtronomer- 


Royal, and by comparing the Reſults, we ſhall be able to judge of 
the Accuracy of this Methauuouu . | 


EK AMPLE VL: : - 


"_ Suppoſe that at Sea, on April 4th, 1767, the Diſtance of the 
Sun and Moon's neareſt Limbs, with the reſpective Altitudes of 
_ their lower Limbs were obſerved, as in the Margin, the Eye being 
18 Feet above the Water, and the Ship in Latitude 34*17/N. Lon- 


gitude 2745; W. of Greenwich, by Account, the Watch not yet 


regulated. The Ship's true Longitude at the Time of Obſervation 
As the Watch was Ti T Diſtances” 
not. regulated „the firſt | n [Sun & Moon. 
3 Thing to be done is to c 2 — 
Sompute the apparent H, 7 
Fime of Obſervation; 1 4 47 1473 41 53 
and the Sun being a- 14 5011] 73 43 55 
bundantly diftant from | 455 20 73 47 33 
j the Fog TITTIES 2 N 
Mlean of the three Al- Sum 14 33 121 13 21 66 C 
titudes in the Margin 1 ** 


TY : | RE 165 
ferable to any fingle Obſervation. for that Purpoſe : Wherefore to 
_ "the obſerved Altitude of the Sun's lowe 
{the Difference between his Semi-diameter found in the Epheme- 
is, ,46' 1”, and the Dip on 18 Feet 4 3/) the Sum 22ů 14/ 58/ is 


the apparent Altitude of his Centre, from which ſubtracting 27 11” 
([the Correction to that Altitude, taken from Tab. I.) there remains 


22 12' 47, for the Sun's true Altitude, The Time by Watch 
oj ; | „ 5 5 5 r | is 


„ 
„n 
7 *,. A 


r Limb, 22? T. and 11 58", 


' WED TE Ges 


Trus Alt. Centre 81 1 18 True Alt. Sun' Cen. 22 12 4 


Sun's app. Alt. 22 14 8 Difference 5 48 31 


Nat. Co- Diff. a Bai Alt. 5 25 340 


Sum Co- f S's true. Alt. 22 12 47 


LONGITUDE Ar sEA. 255 


WM" ve 57/! to | which ad, Þ11' 4% che Loni gitude by Account 
Weſt 91 Ne in ie, and you have 6 = 1/' for the Time 
of Greenwich eſtimated nearly; and to this Time the Declination - 
is found to be 5* 48/ N. From the Altitude, Declination, and La- 
titude, now all known, the Time of the Mean of the Obſervations 
is found to be 4* 28' 1 

Time at Ship 42 50% Hor, Par. at Noon 56˙ 27 

Long. per Acc. 1 11 4 _ Fer. at e 56 1 


* N ; aps es” 5 
Ap. Ti. atGreen. 5 30 4 Mg Dir! | 
Hor. Semi-di. 15 19 HoraPar at red Time $6 44) . 
Horizontal Serni-diameter e e 5 9 5 a 

$ q : ET 8 

N 8 Seer 9913 4s + ee 1 
Diſtance 9 | 73 44 * n n 
Apparent Diſtance Cen. 74 16 TUES. 


Obſ, Alt. Moon, 80* 41' o” Od. Alt. sun 2 „ 
Dif. Semi- di. & Dip 1 Dif. Semi- di. and Din 11 58 


App. Alt. Cen- 80 52 32 Mom Alt. Centre 22 _ 8 
Correction 8 46 Correction 2 275 


838 


F 8 FI * 
* < 3 


hep, © T.Alt.Moon'sCen, 8x x 1 1. 
Moon's app. Alt. 80 52 32 | eee 


Difference OR 3 3 37 3+ 


Nat. Corſi. N 16 a 2 b 


1 7 , , 
- . 


Add 7 Co-f. OW AE; Alt.$: 1 18 


belege r l e 
dum Co- fi S's app, A. 22 14 58. 378848 e 
Nat. Number to the Remainder 24500 Its Lg. 4, 39022 
Sab. nat. Co- f Pil. rue Alt. 38 48 31 — 51799. /ͤ 


Nat. Co-ſi, true Diſtance 74 11 56 27230 EEE. 


». | * — 74 | . 
J ** os Then ſ⸗ 
286 M. 11 1. 
Time at the Ship was 4 H. 28 M. 19 S. therefore the Difference is 


— , * 
wa ” + hu 9 wi 3 
2 3 2 a 183 4 LL YT 
6 p 8 * 38 "5. gy PS ICS - 
* 26 $24 $8 ah FW. * * * 
8 wer * 
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Next neareſt Diff, . 74 28 50 |, Computed Diſt.  . 74 11 56 


* as 1 H. 27 M. 23 8.; 3 H. :: 1H. 10 M. 298. : 2H. 
. which added to 3 Hours, gives 5 H. 25 M. 11 8. the 


* 
1 


56 52%; now as 600: 15 :: 500 52/ : 14 137 the Longitude re- 
quired, and is Weſt, becayſe the Time at the Ship is leſs than at 


Greenwich, differing from the Longitude found by the Aſtronomer. - 


* 


* 2 of a Mile 


e Diſtance of the Moon from the Sun, or from a Star, well 


obſerved with a good Inſtrument, together with the Time of the 


Obſeryation, and the Altitudes of the two Objects, is ſufficient ta 


determine the Longitude, - with the Help of the Ephemeris and the 
preceding Metbod of Calculation, always within a Degree, and ge- 
nerally nearer ; but it will conduce to ſtill greater Accuracy, if the 
Obſerver takes the Moon's Diſtance from two Stars, or from the 


' Sun and a Star, or when the Moon is between go? and 120 from 


the Sun and two Stars, if he can be ſo lucky as to obtain the ſeveral 
Obſervations ; obſerving the Moon's Diſtance from each Object, 
two, three, or more Times, „ 52 

For the Longitude bei 
made with each Object refpaltively, 'the Mean of the Reſults will 
probably approach nearer to the Truth than any one Reſult ſepa- 
rately. Particularly the Moon's Diſtance ſhould be taken from an 
Object on each ſide of her as often as there is Opportunity; and the 
Mean of the Reſults from hence will probably be as exact again, as 
either by itſelf, eſpecially ſo far as depends upon any Imperfection of 
the Inſtruments, and unavoidable ſmall Errors in the Uſe of them; 
for Errors of theſe Kinds have a natural Tendency to correct each 
other: And in this Caſe there will be good Reaſon to believe that the 
true Longitude is ſomewhere between the two Reſults, or between 


the extreme Reſults, if there are more than two Sets of Obſervations, 


7 
= » 


Suppoſe 1 Diſtances Moon's Star's | 
by by eee el % e Moon & Star Ale. | Alt. 
4 . git E 4 W 7 WES aps: 2A — — — un Hints ag 
32/E. of e , ETFS 
i e 
on eptember Silo 55 35| 44 58 49 | 74 FI 34 
of the Moon's Far- | 


- ++ %, * 


* 


\[is” 5 30, 44 44 48 | 11. 46|-32 2 


cheſt Limb frem ide. . 11 2 4 41 37 | 29 39) 8 % 


—— 


am 5. 3 10223 59 16 64 571165 45 
. e — . 
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on 


with the Altitude of 
the Star, and af the ED | | 
i FI IR * I 0 f g | 1112 | 
Moon's lower Limb. 4 Lie es. 47 5 — 
ee 8 R 


Dey 4 RE (5194) 


Stat Pegaſi akab. 8 
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were obſerved, as in the Margin, | the Eye being 1a Feet above the 
Water, and the Watch not regulated. equired the Ship's: true 


Longitude at the Time of Obſervation? 
- The Star being at a ſufficient Diſtance from the Meridian, its 
mean Altitude with the mean Time-in the Margin will ſerve for ſe- 
oulating the Watch, or finding the true apparent Time without a 
Rpernts Obſervation for that Purpoſ e. 
| Wherefore from the Star's mean Altitude obſerved 33% 9 „ ſub- 
tract the Dip for 12 Feet = 7 18, and you have the Star's appa- 
rent Altitude 33 5" 42% from which, ſubtracting the Refraction 
1 28%, there remains 33 4 14% the Star's true Altitude. The 
Star's Declination taken from the Table, and fitted to the Begin- 
ning of September 1767, is 13 58 N. and from the Altitude, De- 
clination, now all known, the Polar Angle or. Stat's Diſtance from 
the Meridian is found to be 47 54 3 H. 11 M. 36 8. Phe Star's 
right Aſcenſion taken from the Table, and fitted to the Beginning 
of September OTE 22 H. 53 M. 11 S. to which adding the 
Polar Angle 3 f. 11 M. 4 becauſe the Star is Weſt of the Me- 
ridian, you have 26 H. 4 M. 47 S. the right Aſcenſion of the Mid- 
heaven. From this Sum ſubtract the Sun's right Aſcenſion for the 
preceding Noon found in the Ephemeris, viz. 10 H. 55 M. 548. 
and there remains 15H. 8M. 53S. the apparent Time of Obſervation 
at the Ship nearly; from which ſubtracting 4H. 18M. 88. the Lon- 
gitude Eaſt of Greenwich by Account turned into Time, you have 
10 H. 50 M. 525. the apparent Time of Obſervation by the Meri- 
dian of Greenwich nearly. Then, as 24 H.: 10 H. 50 M. 458. :: 
. 2M. * 8. the daily Variation of the- Sun's right Aſcenſion at'the 
given Time, 1M. 38S. which ſubtracted from 15H. 8M. 538. leaves 
15H. 7M. 158. the correct Time of Obſervation at the Ship. 
To 10 H. 50 M. 45 8. the apparent Time of Obſervation at 
Greenwich nearly, the Moon's horizontal Semi- diameter is found 
from the Ephemeris to be 160 20%, and her horizontal Parallax 69 
32% add 4 to the Semi-diameter on Account of the Altitude 13 
507, and you have 160 33“, the Moon's true apparent Semi- dia- 
meter, which, ſubtracted from 44 47 51%, the Sik of the oh- 
ſeryed Diſtances of the Moon's fartheſt Limb from the Star, leaves 
44 31 18, the apparent Diſtance of the Moon's Centre from the 
Star. To the Mean of the obſerved Altitudes of the Moon's lower 
Limb 12? 59” add 130 15%, the Difference between her true appa- 
rent Semi-diameter 16/ 33“ and the Dip 3/ 18”, and you have 
13 127 15”, the apparent Altitude of her Centre; to which adding 
54 57”, the Correction to that Altitude taken from the Table, you 
have 14 7 12“, the true Altitude of her Centteee.. 
The apparent Diſtance of the Objects, with the apparent and alſo 
the true Altitude of each of them are now known, from whence, 
computing as before, their true Diſtance is found to be 44 of 24”. 
In the Ephemeris, the next preceding Diſtance is 45 640%, at 
9 Hours, the next following Diſtance at 12 Hours 43 24/2, their 
| VV a N Difference 


1 


| v6 :0F FINDING. THE 


Diferedce v 42! 16! and the Difference of the nent pre 
45 400, and the computed mp <5 247 is:1* / 16% 
Then as 1 H. 42 10” : 3 H. :: ot + : 1H. 56M. 33. 
which added 238 dee ee 10 H. 56 N. 388. * Time of 
the Mean of the Obſervations at Greenwich, an the Time at the 
| * was 15 H. e 22 8. The Difference 4 H. 10 M. 448. 
941, is the Ship's Longitud from Greenwich Eaſt, becauſe 
| 45 ime at the Ship is greater than at Greenwich, differing from 
. the. Longitude found by the Aſtrondmer-Royal + a Mile. 
I cannot quit this Subject without — another Method of 
L ar the Longitude at Sea; and though not equal to the 
2 05 yet it may ſometimes be practiſed with Succeſs. 
Let the Watch be carefully 1 as before directed, either 
vy the Sun ot a Star. By taking equal Altitudes of the Moon, find 


tte Time of her paſſage over the Meridido ; take the Difference 
petween this Time 7 the next-neareſt Time of her Paſſage over 


the Meridian, found in the yl rg and alſo the Difference be- 
tween her Paſſage over the Meridian the preceding and following 
Days; then ſay, as 24 H. is to this Difference, ſo is the Differ- 
ence of Time between her Paſſage over the Meridian in the Ephe- 
meris, and that by Obſervation,'to a fourth Number; which being 
:applied: to the Time of Obſervation at the Ship, by Addition or 
-SubtraQtion, according as the Time at the Ship is more or leſs 
than that ſet down in the Ephemeris, giv es the true Difference of 
Time between her Paſſage over the Meridian at the Ship and 
Greenwich, which reduced into Longieadey gives the Longitude 
Eaſt or Weſt at Greenwich. 

Suppoſe, by taking the Mean of three Altitudes on the ad of De- 
| cember 4775, the Moon was found to paſs over the Meridian at 
2 15 50 P. M. the Watch being well nn Required the 
itude? _ | 
$i , - H. M. H. u. s. 

Nov. 2, the Moon paſſes the Mer at 8 36 p. M. Moon's Paſſage $ 36 © 
Nov. Sd. ur i at 9 26 . Obſ. Ti, atShipg 15 © 


Difference in 24 Maus „ between Sh. & Gre. 39 0 
Then as 24 H. : 50M. : : 39M. : 1M. 21S. the Diff. in 39M: add 1 21 


True Difference of Time between Ship and Greenwich ws o 4⁰ 21 


Then 60 M.: 15: : 40MM. 418. 50 the Lotigitude; and is 
Weſt, becauſe the Time of her Paſſay e over the Meridian at Ship 
18 after that at Greenwich. Had the fe been before Greenwich 
Time, 1M. 218. muſt have been ſubtracted, and che Longitude 
"would have been Laſt, e 6 
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to 
Sun's 


Pan's Centre. 


"The CormAtonni| of the . Moon's Semi- | a 


Jiameter are the hat pwn Ty yt her A 
C6 mg the Radius beinz erz, which is = 


the Moon's mean 


Semi-d eter, and are 
de added, becauſe in ae from the Ho— 
rizon to the Zenith ſhe - approaches nearer to 
the Obſerver by a Semi- r of the Ea 
8 m9 one fxtieth. Part of ber Diſtance from. 


The Corrections of the Sun's Altitude are. ; 
the Difference between the Refraction at each 
Degree of Altitude and bis Parallax at that 
Altitude, and is to be- ſubtracted from the” 
apparent Altitude. + 

The Corrections are only ſet down for De- 
2 but may be found for any 1 

ate Minutes, 15 taking 1 | 

or. ſaying, as 60 is to the Þ; rence between 
the next greater or next leſs Correction, ſo 
is the Minutes given to a Fourth Number, 
which being ſubtracted from the Correction 
of the next leſs Altitude, gives the Cotrec- 
tion required. 


Thus the Corrections of the Sun „dee 4 


for 52 200 is required? 
For Altitude 5* the Correction is PE 
60 the Correction is 19 
5 3 — 
The Differences . 
| | 
Then, as 60“: 1 26” 23 20 295 which 


7 


ſubtracted from -9 5 45, „ leaves 9 16”, the 
Correction for 20 Altitude; or if the 
Third of the Difference be taken and ſubtracted 


as above, it will be the ſame, 

The Parallax is the Difference between . 
Places in which the Sun and Moon appear, 
when ſeen from any Part of the Earth's 
Surface; and the Places ip which they would 

pear, if ſeen at the ſame Time from the 
Earth's Centre; or the Parallax of the Sun 
or Moon is the Angle under which the 


Earth's Semi-diameter would appear, if ſeen _ 


from the Sun or Moon. Now- as the Sun or 
Moon are elevated above their true Height 
by Refraftion of the Atmoſphere, . ſo they 
are depreſſed by their Parallax z and as they 
muſt appear higher when viewed from the 
+ Earth's Centre, than they would 
when viewed from the Surface thereof to 
ſave the Mariner Trouble, the Difference is 
ſet down in theſe Tables, which applied to 
the obſerved Altitude of their Centres, Dyes 
the true. Altitudes, as ſeen from the 
Centre. 
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TABL E Il, *coltinued; 


ORRECTION of the Moon's ALTITUDE; / 
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5020 11120 
19 13/1 
a of 
531179 16/17 
os 1611 
E 37 
_ 7 7 Toe : 
7 
4 (48 33 4 
2110 11 1 
5 4 9 5 ¹⁰ 150 
s 5g * 
G 487 58 6 
: 13 57 47 
? 52] 4 5 45 45 
: Ss] 3 14 3] 4 
on $0} 2 3 413 
, $7] 1 2 413 
50 5911 1 © x 
o 0 E 4 


e208 Jn 1 47 
be Uſe of the. foregoing Table. 


H E Corrections of the Moon” s Altitude are ſet down only ts : 
[ each degree of Altitude, and Minute of horizontal One 3 
but they may eaſily be found to intermediate Minutes of Altitude y 


and Seconds of horizobtal Parallax, as follows : 
iſt. When the horizontal Parallax is given in Minutes without 
Seconds, and the Altitude in Degrees and „Minutes; ; for Example, 
'The Moon's apparent Altitude was 24 3i', when her horizon. 
tal Parallax was 5 Required the Correction of her Altitude? 
Find the CorreRion of Altitude for Horizont Patallax 507, and 


Altitude a | 71 5 J which will be {Sr 47 T and ſubſtraing 


51 27 

the leſſer from the greater, the Difference is 17 20%; then ſay, 28 
60: 310 :: 20%: of 10% vhich ſubtracted from 510 47.5 
becaufs the Cotrection for the — Altitude 1 is leaſt, gives 51} 
37”, the Correction required. 


But had the Correction for the greater Altitude been greateſt, 25 


is the Caſe at low Altitudes, then the Difference o 10 


| muſt have 
been added.. 


2dly. When the Altitude is given in Degrees: and the. horizontal 


Paralfax in Minutes and Seconds: for Example, the Moon's appar 

rent Altitude is 24, when her horizontal Parallax was 50 21" 7 
Required the Correction of her Altitude? 

| 'Fi ind the CorreQion of Altitude for Altitude 34 and e 


tal Parallax 1855 which will be E 4 > F and Is 


the leſſer from the greater, the Difference 3 is 2 5 57 then ſa e 

60%: 210 :: 55/ : 19% which added to 510 475 giyes 520 6”, the 
„ required. 

y. When the Altitude is given in Degrees and Minutes, ind 
the Seen Parallax in Minutes and Seconds; for Example, the 
oon's apparent Altitude was 24 31', when her horizontal Paral- 
lax was 59 2t”. Required the Correction of her Altitude ? 
By falt Caſe, the CorreAion of Altitude for horizontal Parallax 


5 24 yon 52/ 6% 
50 21% and Altitude | 2 "Tis 8 und to be T2 46 ES and ſub- 


tracing the leſſer, from the greater, the Difference is O' 20%; then 
ſay, as 607: 7. oh 0% 20/ : O 10%, which ſubtracted from $2/ 6”, 
-orre 


becauſe the Aion to the greateſt Altitude i is 5 * 51 
e the Sornehon — 


. 


1 


(r 


For reducing the Degrees, Minutes, and Seconds of Longitude, or 
Kigbt Aſtenſun, into Hours, Minutes, and Seconds of Time, 


and the contrary, 


8 Deg. H. M. | 2 d : £ 
: {ale 1 = ; © 
Min. M. 8. E 
| Sec. | 8. N. 
8 r . 
E 4 40 
„„ 3 „„ 
4 48 12 = © 
4 | 16 6 46 
3 3 
66 24 3 
© 1:51 0.8 1 8 40 | 
8 0 32 9 40 
416 1 
10 % 40 10 40 
1190 44 Ii 20 
120 48 12 9 
| 13 0 52 12 40 
14 [oO 56 13; 0 
I r -. D is 0 Þ 
| | i6 | t 4 14 40 | 
7; L 15 20 | 
PEI EIA 16 o | 
19 1 16 16 40 
20 [I. 20 | 17 20 
| a r 2 id © | 
"© [74:74 226 18 40 
. {2 3-SÞ 1 4-4 32 19 20 | 
| 34 36 20 7. 
C 25 1 40 20 40 | 
26 | 1 44 21 I: 
4 27 * 48 22 98 
1 E 22 40 
5 129 [1 56 | 23 20 
1 3 2 2 24 0 N 
The Uſe of this Table is eaſy by the Example fellowing: Let it be required to find 
bat Time is required for the Motion of 1080 4 45, under the Meridian? : | 
Then againſt roco i- 6 40 o 2” 
| ' 4:-— 0..0 16: 
. 3 9.3 


The Anſwer is 7 12 19 


laid down. © | 


r 


The determining the Longitude at Sea, has, for ſome Vears 
„employed the Attention of the greateſt Mechanics, as well as 
Barnes to find out proper Inſtruments for taking Angular 
iſtances; without which, no Calculations can be made with an 
Degree of Certainty. The beſt Inſtrument for this Purpoſe, is 
Hadley's Quadrant, which is now brought to great Perfection, par- 


ticularly by Mr. Wright, who has made one upon a new and 


ſimple Conſtruction, divided according to Mr. Ramſden's Method, 
whereby the Angular Diſtance can be taken to 160 Degrees, and 
retain a larger Field of View than with the common Sextants at 
120%; and is alſo fitted up with a Teleſcope, Glaſſes, and Screws for 
the exact adjuſting; and is ſo contrived, that the Angles can be 
taken either from the Right Hand or the Left, without inyerting 
the Inftrument, with many other Improvements deſcribed 'in his 
Book given with the Inſtrument, which, in my Opinion, render it 
the moſt complete Quadrant for determining the Longitude at Sea 
I ever faw: | | „„ 

He has likewiſe invented an Azimuth Compaſs, by which the 
Magnetic Azimuth or Amplitude can be taken with greater Ac- 


curacy than can be done by the common Azimuth Compaſſes.“ 
With theſe, or the like Inſtruments, Sayer and Bennett's Charts, the 


Nautical Almanac, a good Watch, and correct Tables, the Lati- 
tude and Longitude may be found to a greater Degree of Certainty 
than has hitherto been done. EX En 


Hadley's Quadrant, on the common Conſtruction, has been found 
ſufficiently exact for aſcertaining the Latitude; but the great Er- 


' Tor, which the Seamen could not well get over, lay in the Tables 


of the Sun's Declination, given in popular Sea Books, where it is 
frequently 10, 20, 30 and 40 Miles wrong, which may be readily 
ſeen by comparing them with the Tables in this Book, or the 
Nautical Almanac. To which may be added, the erroneous Methods 
laid down in thoſe Books for finding the Time of High Water, and 
incorrect Charts impoſed on the Unwary, that it is not ſurpriſing 
ſo many Ships and Lives have been loſt, as well as Places erroneouſly 

What now remains to be done to complete Navigation is, to find 
a certain Method of determining the Ship's Run. Mr. Foxon, at 
Deptford, I am informed, has invented a Log, which he calls his 


Patent Log, for that Purpoſe: a New Survey of the Meridian, as 


we have now many Inſtruments better adapted for that Purpoſe than 


Mr. Norwood had, the Want of which he himſelf complains of. 


Theſe few Hints I have thrown together, that Seamen may no 


longer be impoſed upon, by thoſe whoſe Ambition is only to get 
Money, and if they can, will go on in the old Track, as they did 


Sixty or an Hundred Years ago, without being at the Trouble or 


Expence of having any Thing done for the Seaman's Advantage. 


Mr Wright has obtained his Majeſty's Patent for theſe Inſtruments. | 
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OF THE 


Difference of LATITuDE and DrgarTure for 
Degrees, Points, and Quarter Points, to 300 
Miles Diſtance. | 


A Table of the Lavrevoes and LonciTuDES of Places. 
TakTLE of MERIDIONAL PARTS. 
WITH 


All the other Tables uſeful in NavIOATION. 


Difference of Latitude and Departure for 2 Pointe . 


| iit | Lat Dep Pic Lat Pep Pift Lat. Dep Daf Lat Dep iſt 
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7107-0} o. 3 67] 66.9] 3. 3 27126. 8 6. 2 87 186.809. 2 47 
8 o8. o] o. 4 68] 67.9 3.3 2872.8 6.3 88187.8 09. 2 48 
909. 0 O. 40 69 68.9 3.4 29 128.8 6.3 89 188.809. 3 49 
1010. . U 69.9] 3.4 300129. 8 C. 4 20 189.809. 3 8042.2 
III. ooo. 5 71} 70. 903. 5 31 130.8 06. 4191190. 8094 251 
12 12. 0 0.672]. 71.9 3-51] 32[137.8 6.5 92 191.8 09.40 52 
1313-0 o, 6 73] 72.9 3.5 33132. 8 6.5 9392.89.50 53 
1414.0 0.7 74] 73-9 3.6 34133. 80 6.6 94193809. 5 54 
1515.0 0.75 74.9 3.7 35/7348 6.6 95194. 809.6 55. 
1516.00 o, 8 [76 75.9] 3+7 35135. 80 6.7 96[195. 8199-6} 5 
1717.0 0.8 77] 76-9] 3·8 3736.8 6-7}} 97129 819.71 57 
1818.0 o. 9 l 78] 77.9 3.8 380137. 8 6.8 98] 197-8109.7 58 
19 19.0 0.9 79] 78-9] 3.9 39/738.8 6.8 9918.899839 
| 20]20:0| 1.0 | 8o|_79-9|_3- 91] 4239-3] 6-9|200}199-8109-811 60 
7 |21, 001.0} 81} 80. 9% oA 140, 806. 90 200.8] 09. 261 
22 22.0 1. 1 $2] 81.9 4-0f| 42|141-8| 7. 1 2 201. 809.962 


23023. o 1. 1 $i 82. 9 4•2 43 142.8 7-© 3202. 8 10.0 63 


2828. ol 1. 2 85] 84.9 4:2 I 7. 1 :5]204.8]10.1]} 65 
26 8.8 1. 3860 85.9 4-2 45 3 7. 2 6205. 8010. 1 66 
2727. 00 1. 3 87] 86.9 4.30 47|146-8] 7-2} 21 « $| 10. 2 67: 
2828.00 1.488 87.9 4.3 481478 7.30 207.810. 2 5 
2929.0 1.489 88.9 4.4 4948.8 7.30 9208.7 10. 3 69 
3030.00 7-5 || go[ 89-9] 4:4][_50[149-3|_7-41|_121229-71 20-311 79 
31 Jr. for. 591 90.94.5151 150. 8 o. 4%½ 11210. 710.471 
3232.0 1. 6 92] 91-9] 4,587 151.8 7. 5 12211. 10.4 72 
33 33.00 1.6 93] 92.9 4-6j| 53152484 7.8 3212.2, 73 
3434.0 1.7 94] 93:9] 46541538076 4213.7 10% 74 
3535.00 1.2.95 94-9] 4.7 580 84·8 7-6-151214+71 10.6) 75: 
30 36.0 1.8 96] 95-9] 4 5676.8 7+7 i6|215.7] 10.6} 76 
3737.0 1.8 97 96-9] 4-8]| 571156.8Þ 7-7) 771210071 10-71-77 
3838.0 1.9 98] 97-9 4.858 157.8 7.8 18 217.7 10.7 78 
39 | 35.0. 1. 9 99 98.9 4.959 158.8 7.819218. 10.8 79 
40 40. 2. 99-9] 4-9}:60|159.8] 7: 91 2012197 10.8 80 
at 41. o 101100. 9 os. of{t61 | 160.8 [07.9}*21 1220 7] 10.9 281 
2. 1 2101.9 5. 00 62 161.8 8.0 22221. 710.9 82 
2. 1 3102.9 5. 63 162.8 8.0 23 222.711. 0 83 
2. 2 4103.9 8. 1 64163.8 8.1 24223. 11.0 84 
2.2 5104.9 8. 2 6564.8 8.1 25122474 11-1 85 
2. 3 6105.9 5. 2 66]165.8] 8.2 262257117 86 
2.3 7706.9 5. 3 6766.8 8.227 226.711.287 
2.4 8107.9 5. 368 167.8 8.3 281227. 711.2 $8 
2.4 9108.9 5. 4 6168.8 8.329 228.7 11.3 89 
2. 5 221109-9 1 5: 411_79 169.8] 8.4 3229.211222 
102. 511110. 905. 411171] 170-8 o8, 411231 |230.7] 11.4 ]291 
2.6 12}121.9] 5-5}| 72[171.8] 8.50. 321231-7]11 4 9 
2.6 131112491 5.5 7372.8 8. 5 331232»7] 11-5} 93 
2.7 14(773.9 567407738 8.5 341233+7] +5} 94 
2.7 15|114-9] 6 75[174-8] 8.6 35234.7 11,5095 
2.8 16]115.9] 5.7 76/175.8 8.6 362357116 96 
2.8 19]116.9] 5. 7 77[176.8] 8.7 37236.7 11.6 97 
2.9 1611.9 5.8 78]177:8] 8. 38237.7 117 92 
2.919 118.9 5.8 70 178.8 8.8 39 238.711. 99 

2.9 2 %% H. ore 80179. 8] 8. 8 40232, 2J11.8 [Bee 2 

Lat ö Dep Tat pb | Dep | Tat pn | Dep Tat in] Den L 


55 foro iran, |. 


E I Tat e bia 
1101. 06.0 1211120. 13 8: 187 ISO. 1 17.7 N 239.8 ; 
202. o 1. 7 [o. 1 22121. Ata. gf 82181. 117. 8 424240. 802 

383.0 7 o. 2 23 12.4412. 0} 23(183. 117.9 241.8 ; 
4 06.3 24725. 4012. 1 84183. 118.0 44/42. 802 
5 06.4 25 124.412. 2 85184.118.1%45ʃ(243. 

6 06.5 26| 125: 4 12. 3 36 185118. 2 461244. 
7 06.6 27 126.412. 4 87188. 118.30] 471245 8 
. 8 06.7 28 129.4 K 88 187. 1113.4: 4824.82 
19 obey 29]-128.4{12; 589188. 1018.5 40024285 
O 06.8 00.vy 30 129.4118. 7 90 189-1 18.6 ; 50 248. 5 
= ay — | 1— } — — 1 _—_— | 
11 56.9 37 755.418.8191 190. 18.7 7510249,8 
tz 07. 0 32þ133:4112;9]]i92 [191.1 18.8 5212508 
13 107.1 | 1354. 13.0 93 192.1 118. 9 3125148 

| 16 07.2 133.413,71 94 793.119. — 252. 
15 09.3 1387230 951941½19. 10 55}2535 
15 607.4 3735.3 43,3 919-119˙ % 56/254• 8 

117 07.5 37]-136c 34: 196.1193 57125598 
118 07.6} 38013. 3 197.019. 4 58256. 8 
19 07.7 39738. 3 198.019. 5% 59þ2 57-8 
20 607.8 400139. 3 199.195 | bo 258.8 

42+] 07.9 1410 140. 3413.8 |[201 [200.0119 7 167 259, 72 

422 8.0 420 141. 3013.9 02[201. 05198}: 621260, 72 

* 08. 1 4 L145. 34 14.0] o3 202. 019.9 63/261, 702 

e, 08.24} 44} 143.314. 11 04[203. ofzO. o 64/262. 7 
2 08. 3 4514.3 [14.2 [ o5 204. 0020. 1 650263. 7 


08.4 46/145. 3 14. 3 06295. oO. 2 66] £64. 7 
of. 5 47146. 314.4 07/206. oſao. 2 6265.7 
08.61] 48Þ 144% 34 14-5] o8 207. 0f20. 3 680266. 7 
08.7] 40 148. 3 14.61} 9208. 0J20. 4 69267. 7 
os. 8 42 14.7 [10 z09. 0420.54 70268. 7 


3% 08:9 510150. 3 148 E17 210.020. 6710269. 7 
122 09. 0 52151. 314.9 [ 12211. 020.7 720270. 7 
| 33 09.1 530152. 3015. % 13212. 0120.8 730271. 745 
34 09, 541533151 14/73. 029,9 74272. 72 
135 512943] 55] 315•215¼ 214.27. 75/ 273.727. 9 
136 09.4] 561 55.315. 3 16215. 027. 1 76127447 |: 
137 99-51 574756-2115-4]| 171216.0/21-21 7712757, 
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38 09.6 58155. 215.5 1217. 021.3780276. 7 
39 09-7 59158. 218.697.9214 297.72). 
„ . ; [29-5 | 60]159.2415.7 2918.2 121-54 So[278.7 27-5 
4. 09.9 [1610 68. 215.7 fK2 1219.92 1. 6 281279. 627.6 
— 41442 10.0 6216172 [15.8 22220. 921. 782280. 6 
8 143 10. 1 63 162.215.923 221.921.8 83/281. 6127 
44 10.2 || 64 163.2 16.0 24222.9 21.9 840282. 6 
45 10. 3 [ 65164. 216. 1 2x [223.9 22.0 851283. 6 
146 10.4 66165. 2 16.2 [ 26 [224.9 22. 1 80284. 6. 
I 47 10.5 [ 67]166.2|16.3]} 271225.9[22.2 87 28 5. 6 
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504.7 68 f 61. 2 ar. 9 281.472 230.7 
6 ſos. 6 62. 1. Pz. 2 264118. 642. 231.6 
106. 6 63. 1. 2. 7119. 6142. 232. 5 
807. 5 64.0 22. 9 120. 543.1 233-5 
{ 928. 5 69.65. z. 121.543. 234-4 
190.4 11.794 65-912 1122.4| 43-8 [235+ 
| 11110. 4 71. 66.8423: 93123. 3þ44- 1 236.3 i 
1211. 3 67. 8 E 32144. 3044.5 237.3 R 
13/12. 2 73 68. 8 4. 6, 33/25. 244. 238.2 
1403. 2 04. 7 7469. 7-454 9, 34[126. 2 45.1 239.1 ' 
15114. 10 5. 70. 65. 3 127. 1145.5 240. 1 ; 
16/15. 105. 475 71. 625.6 128.0 45.8 4241. 0 | 
1726. 05. 7 72. 55. 9 3229.0 40.1 242. $ 
15117, 8]: 7344-f26-3 1129.9] 46.5 242. 9 < = 
19117. 9J06. 4 79 74-4 [26- 135.9046. 8 243-8] 2 
20018. 8 06. LIZZ ES. 131.847. 2JU20⁰ 244. 8 7 
21019. 8 (07 1176. 317. 1132.8 47551 248.7 
22120. 7 82|. 77. 22. ö0% 424133-7 2.9 05 246.7 | 
2302 1.7 78. 1 a8. off: 43134. 648. 2 03 3247.0 | 
24122. 6 79. 1128. :3J|: 4 135-6 48. 5 04 248.6 f 
125123. 5 80. o 28. 6 454136. 548. 81] 01 51249. 5 f 
| 26124. 5 81. EY. Of}, 461137- 5149-21]. 06 | ? 
2712 5. 4109. 81.9429. 138.4049. 50 07 25. | 
28026. 4109. 4 82. 829.6. 48{139. 349. Ul o 252.3 | 
2927.3 8 83. 84 49140. 3]. 2 © 253˙3 b 
30028. 2 84. 7 B0· 31]; 541. 2.50. 5 10 0. 71.761] 254-2] 
3129.2 85. 780. 60H51 142. 250. 921119 $5.1 - 
32030. 1410, 86. 631. o 52143. I $1.2 121199. 36. 1]. 
" 33|31.1f1 87.67. 30% 53 44.051. 5 13]: 257.0 i 
3432.01. . 89. 5 $4. 7} 4/145. 051. 9 14 58.9 F 
35]33-0 89.462˙ 0 554245-94 52-2]} 15 258.9] ; 
36033. 9 99.42.30 56 1146.9.152- 50 19 299.9 
3734.8 72.5 9791. 332.7 F 147.82. 9 17 260.8 
3835.8 12.8 9892. 3033. 0. 58 48.853, 218 261.7]. 93.86 
3936.7 13 | 93-2433+ 30]: 826497 053˙ 60 19 262.7]. 94. % 
1_42137-7|. 94 -2133-7]| 6011506] 53-91] 20 2643.6 ö 
4138. 6318 [orf 95. 134. [161 15 1. | 204. U ö 
2139. 514. 1 2.96.0344 62152. 55 265.5 ö 
43149. 514. 80 397.034. 7 63 153.5 266.4 | 
44/41. 41'4+3;1 941-97-9135-4]] $41154-4 267.4 
45142. 4145-231 95] 98.9135-41|-55[155-3 268.3 
46,43. 3 18.8 96] 99.7357 66156. 269.3 
| 47144- 315.8 ioo. 8 30. of 67 157.2 270. 2 
48045. 26. 208101. 736. 4 68158. 2 71.2 
49046. 1 1150 09102. 7036.7 69159. 136. 2722˙1 
$947, 1.139: | | 491203. 6 37:0i1_70 [100.1] 57: EN 
5148.0 [7.2 104. 537. 417101. o 274. © 
52 49.017. 5 12105. 4137.7 72161. 9 274.9 ö 
5349.9 1.913106. 438. 10 73 (162.93 $2 | 
5450. 88.2] 14[107. 3038.4 74j163.8] 276.8 
5501.8 8.5 J 151108. 3138.71] 75 164.8 277.7 
5652.78.90 16109. 239. 1] 76165. 7 278.7 
| 57i53-7]19-2 17/10. 2J39•4 77166. 6 279-6 
58/54.6[ 518 39.7 78167. 6 280.6 
5905.5 9.9 | I9}i112.0[40.1 79 168. 5 231.5 
boſ5b. 52.2 213.40. 4 801169. 5 282. 51 1.0 
Diſt) Dep f Lat Diſt! Dep | Lat '[Diſt! Dep L _Dep ] Lat! 
5 : Points.. 


* - 


1 vr 3 
23. 3 1 | 26x wk | 
{ 23.7 ; 92.2 
[24-1 92. 6 
8. 5 3 
125-31} 93-8 
420.0 5 
126.4 94-9] 
126. 8 95˙3 
27. 2 _I5:7 
27.6 96.1 
427.9 90.2 
N 428.37 96.8 
28.7 6 
A 29.4 98.4 
19. 30. 2 98.7 
2 pris 30.6 i 
9 31. o 5 
22 20. Nl 29.9 
23 31.8 = 
Sx: * 32. 1 ; 
1% . 32. 8 ogg 
24. 10. of 86 32.9 101.4 
22 10. 3 87] 35.433. 4 101. 8 
* 8 * 10. 7 38 81.331. +7 1102.2 
| 2 1 1.1 89 7 OR 
[39/2227 þa2- 54-99 | 85-2454: 4] = 
4 31|28..6{31. 9] 91] $4.21 34-8 — 
32 29,06 fz. 92 85. 535. 2 0. 4 [103.7 
eee 1 25 
wy: , 28 41 6. 50 o : 
_ 28 32.313. 95 35.3 16.44 104-9 
; ; 33.3023. | 88. 7 36.7 5 
13144-21245 i 89. 6137-1 F95-0 
rt 275 14-9 99] 91. 5137-9} ; [196.4 
1 28. 31 92.41 33-3} on. 
1-4 2137-9 1519710 93. 338.7 —.— 
22 4 38.8116. 1 85 JW" 795 107. 5 
43 39.716. 5 03] 95.139. 1107.9 
{ 44 40-6116: 8 04 96.11 39. 5 108. 3 
44 41.61. 1 05 97. 040. 4108.) 
1.47 23-4 70 06 97. 91404 = | $1223-3 1109.7] 
2 i * 18.01 071 d 5 * TY & 4 ; ö N 
18 1 18.4 ob 35 2 4 912 209. 786.9 87 [265.2 
7 1.48 0] 4.328215. 87. 3 882661 
49 45,3018. 8900.7 ö 6 1302215 
I 14 419. 1] 20j101, 6 4.72911. 687.6 891267.0 
e 65.1] 30/212: 5|88, of. 8267.5 
$1 147-3119. ${za1f102.6 SOOT. ET e e 
| } 52148-0129. 94 12 183.3 95 231213. 4 88 4791 268. 9 
. 5349.0 20.3 13 oa. © 62's 32 2 8 88. 8 92 269. 8 
4.9. 7 14 105. 3 868 3310215. 3189.2 93270. 
55 58,821. 15h00. 3 06.00.36 . , 7 
[5615147 [23-4] ez 2 . E. be 
37 221.8 17168. 1 87, 270,327. 
383.622. 181109. 0 07-71 371219-199:7 | 9712744 
19 4. 5 [224 199.9 ode 1h 39133991 OKTY gR137 5: 31 
A 855 23. 110. 9 ; ; 63.5 - 1 91. 5 | 99 276.3 
Pia . 1 —— e ee 1 8 91.9 300 277-2 
22 — — LB. UL al Dey - 


. Points. 


* 6 


6 


in Wd 


. 


_—_ wr Tam VW — 


Diffetetice of Latitude and Departure for 24. Points. 


| 


Tur Dep.j Dep ut Lat Dev. Dit Lat | Dep Pitt {Diſt} Lat Dep Diſt Lat Dep 

488.5525 610 55. 126. 1121109. 4051. 7 181 163.6 77-4 241 [217.8 og. 4 

241. 8109. 9 62] 56. 026. 5 22110. 3052. 2 82 164. 5 77. 842 18.2103. 5 

302. 71. 3 63 57. 026.9 23111. 252. 6 83 165. 4] 78. 2 43 219. 60103. 9 

j 4103. 601. 7 64 57.907.444 2412-1 83. 84 166. 3 78.7 44 220. 5104. 3 
5.4. 502.1 6s] 58. 827. 8 25173. f 53. 5 85 167. 2 79. 1 45221. 4104. 8 

| 6j05.4'02. 6} 60 59. 7 28. 226 11.2.7 86| 168. 1 79. 5 46 |[222.4|105.2 

| 7106: 303. of, 67] 60. 628.6 27/114. 3| 54. 3 87; 169.0) 80. 0 47 [223. 301 f. 6 

| $[07.2/c3.4j| 68] 61. 5 29. 1 28115. 75 7 88 169. 94 80.4 || 48224. 2 706. o 

a 98. 103. 8 69 62.4,29-5|} 29 116. 655. 2 89 170. 8] 80. 8 49225. 10106. 5 

12,09. %. 30.5 63. 3 22.2 30{117- f 85.6 90 171.7] 81. 2 50226. 0106. 

| 1109. 9 04. 7 72] 64. 2 30. 4131118. 450. 0019112. 6. 31.7251 226.9107. 

1210. 8\05. 0 72] 65. 1 30. 8 32119. 3 86. 4 9247.6 82. 10 52 [227. 800. 

131. 805. 6 73] 66. 0 31. 2 33/120. 2056. 9 93 174. 51 82. 5 83228. /ro8. 

| 1412. 706. 0 74 66. 9134.6 34121. 57. 2 94 [176.4 83. of 54229. 60108. 

1513. 606. 4 75] 67. 8 32. 1 35122. 0,52. 7 95 176. 24 83. 4 55230. 5109. 
1614. 506. 8 76] 68. 32. 5 | 96 177. 2J 83. 8 56123. 4|109. 5 

2715.47. 30 77] 69. 6 32.9 97 178. 2J 34. 2 57231. 31109 

18016. 307. 7 78] 70. 5133-41. 98 179. 0] 84.258233. 2110. 3 

1917. 28. 1| 79} 72.4 33˙8 125. 99 179.9 85. 1 59224. 1110.7 
20018. 108. bj 80 22. 334-2 2: . - 9jj200 | 180, 8] 88. 5F 601235.0|111.2 

121119. 0/09. off $i] 73. 2 34. 6 « <4 62. 3jj201-| 181, 7] $5.9 ]ſ611235.9]111. 

22019. 90. 4 82] 74. 135.1 6 o2 182.6 86.4 || $2|236. 8|112. © 

| 23]20. 8 0. 8| 8375. 0035.5 03183. 5 86. 863237. 7112. 5 

] 24/21. 7/00, 3 35-91} 04 |184.4| 87. 2 64\238.6|112. 9 

| 25122. 6010. 7 26. 3 05185. 387.7 65239. 5613. 3 

26.23.5113 36.8 4406 186.2] 88. 1 66240. 4013. 

1 2724.4 11.5 37-2 7 187.1 88. 5 671241, 3114.24 

| 28/25. 312. 0 37-6 o8|188, 0] 88.9 68|242. 24114. 6] 

29, 26.2424 33. 1 3.7 09188. 9, 89.4 69243. 14115. 0 

30˙27. 12 38.5 5 50 | 1. 1 10 189.8 8 89. 870244. 0016. 

4128733 7 38.9 451 . 66241 170.7 9o. 271245. o fils. 

4 32/28, 943.7 39.3 5211 37-465. off 12191. 6 go. 6 


33129. 814. 4 


2 * 


37033. 4 25˙•8 187.741. 5 
3834˙4% 16 2 98 88.6 41.9 
39535. $116. 7 89. 5 42.3 
1 40 36. 227. 90 4 42.8 
4737.27. 5 91 3 43· 25 
4238.08. 92. 2 43.6 
43658. 98. 403 93-1 44-0 
429. 125 17 4.5 
| , 


17196. 1 92.8' 
18197. o 93-2 
19|197-9] 95-6 

20 |Iy8.g} 94-1: 


221199. 8 94. 55 | 
22|200, 7 94.9! 
23 | 201.6] 95.4 
24|202.5| 95.8 
25|203-4| 96. 2 
26204. 3j 96. 6 
27 205. 2097.1 
28 206. 1 97.5 
29 20% 0 97.9 
30 207. 0] 98. 3 


| 13192. 5 91. 1 73/245. 876.7 
3430. 34. 5 40.2 14 193.4 9.57 742472117. 
A 35.31. 6 rs. 40. 6 15 194. 3] 94.9 751 248. 6117.6 
a 36 32. 50154 41-0 16195. 2 92.4 76] 249. 5118.0 
. [4 


— 


457 
461. 69.7 95 · b 45. 
| 47]42+ 5½0. 1 96. 7/4 
4843.4 20. 5 97. 9 
4944321. 0 98.5 
. 59[45- 224029422. 


514.4 . 11100. 3147-5 371]154-6|73. 10231208. 8 98.8 . Al + 
| $2147+ ers 191. 247.9721685. 573. | 32 209.7 99.1 9124.9 7 
5347.92. 7 130102. 148. 3 73/156. 474. | 33 210.699. 6 93|26.4.81125..3] | 
4 54048. 8 23. / 14/13. o 48. 7 74157. 374. 4 34 211. 5toœ. 1 94265. 7 $247 
| 55 49. 7123-5 151103. 949. 2 75/158. 274. 8 $5255 .411c0.5|| 951266. 126.1 X 
56155. 6/23. gl} 161104. 8049. 6 7/59. 1075. 30 38 213. 3100. 9 95267. 6126. 6 
5781. 524.4 17105. 8050. 0 77109. 5.7 37 41. 191. 3 97268. 7. 
531$2+4{24+S}} 18 106. 7 50. 5 78 160. 6. 10 38 21,1101. 8 98|269.4 [127.4 
5953.3 228. 141107. 60 50. 9 79 161.8 76. 5 39 21600102. 299 270 37.80 
98842 25.2108. 5 81. 3 80 162.7 2. 40 216.9 02. 6 3 | 
Gel ey Te- 5 Dep | Lat Diſt Dep | Lac ! Diſt! D. | Lat! 5 . De . . Lat 


Difference of Latitude and Departure for 2 Points. 


Si Dep Lat Dep Lat | Dep Dm Lit Dep | 
1 28.7 106. 7 57.0 159.6 85. 3241 x oy 
2 29.2 107. 6157. 5 160. 5 85. 842213. 4 
3 29.7 108. 5 58.0 161.4 86. 2 43 214. 3 
4 30. 2 109. 4] 58.4 162.3 86.7 44 215. 2 
5 30. 6] 25 110. 358.9 163.2 87. 2 45 216.1 
6 31.1 111.0 59.4 164. 10 87. 6 4617. 0 
7 31. 6 112. 159. 8 164.9 88. 1 4717. 9 

:Þ 32.0 112.9| 60.3 165. 88 88.6 48 218.7 
9 32. 5 113. 8160. 8 166.7] 89. 1 49219. 6 

33. 0 114.761. 3 167. 6 89. 5 50 220. 5 
33.5 115. 561. 7 91168. 5 90. 0251 [221.4 
33.9 116. 462. 2 169. 30 90. 5 52222. 3 
34.4 117. 362.7 170. 2 90. 9 53 223.1 
34:9 118. 263.1 171. 1 91.4 54 (224.0 
35.3 119. 163. 6 172.0 91.9 55 224. 
35. 8 120, 064. 1 172. 9 92. 4 56225. 8 
936. 3 120. 864. 5 1173.8] 92. 8 57 [226.7 
. $1 36.8 121.765. o 174. 60 93. 3 58 227. 6 
69. 737. 2 122. 6165. 5 175. 5 93.8 59 [228.4 
70. 61 37-7 123. 5166.0 176.4 94:2 50 229,3 
; 38.2 124. 4160. 4 1177.3] 94.7 
. 72.3138.6 125. 2066. 9 178.2952 
120, 3. 20 39-1 126. 1167. 4 179. 0 95.6 
N 30. 6 127.067. 8 179.9 96.1 
8122.1 40. 1 127. 9168. 3 180.8] 96.6 
22.9 40. 5 128. 868. 8 181.7 97.1 
23. 81 41.0 129.6] 69. 3 182. 66 97.5 
24.7 41. 5 130. 569. 7 1283-5] 98.0 
25.6 41.9 131.4|70.2|| 184. 398. 5 
26. 5 42.4 132. 570. 7 18 5. 2 98. 9 
27. 3 42. 9 133.271. 1 186. 1 99.4 
28.2 43.4 134.171. 6 1187.0] 99.9 
29. 101 43.8 134.972. 1 187. 9100. 4 
30. 44.3 135. 872. 6 188. 7100. 8 
30. 9 44. 8 136. 773. o 189.6101. 3 
0 45.2 137. 673. 5 190. 5101. 8 
45.7 138. 574. o 1191.4 102. 2 
1 139.4474-4 1192. 3102. 7 
140. 274. 9 193.2103. 2 
141.175. 4 194.0103. 7 
142.075. 9[ 221194. 9104. 1281 [247.813 
142.976. 3 195. 8104. 6 82 248.7 
143. 876. 8] 23196. 7105. 1 83 [249.6 
144. 677. 3 24|197.6]105. 5 8450. 5 
145.5777 198.4106 0 8551.4 
146.478. 2 199. 30106. 5 || 86 [252.21 
147.378.7 200. 210. 0 87 53.1 
148. 279. 2 28201. 1105. 4 88 254. 013 
149. 179. 6 29202. 0107. 9 89 3 
149.980. 1 35202. 9108.4 90-8 
150. 880. 6 203.7 108. 3291 [256.7 
151.781. o 204. 61009. 3 921257. 5 
152. 6081. 5 205. 5109. 8 93 [2583.4 
153. 5182.0 206. 4110. 3 94259. 3 
154. 382. 5 207. 3 110. 7 95 [260.2 
155. 282.9 36 208. 2111.2 96 [261.1 
156. 183. 4 37209. 0111. 7 97 [262.0 
157. 083.9 209.9112. 1 98 262.8 
157. 984. 3 210. 8112. 6] 99263. 7/1. 
158.884. 8 211.7113. 1200 264. 6 
Dep | Lat Dep | Lat "Diſt! Dep 


for 5 4 Points. 


5 om. „ Ci. coo i 


Unt bat 2 


:Ference.of f Latitude. and Departure for 23 Pointy.” 


54 Points. 


Diit Lat | Dep Diſt Lat  D: D. 
1 loo. 9 0. 6 [1 52. 331. 412103. 862. 2 
2 [01.7 01. o 62] 53. 231.9 220To4. 6062.7 
302. 601. 5 63] 54.032. 4 23/705. 5 7 
403. 40. 1 64 54. 932.9 24/06. 463. 7 
5 [o4. 302. 6 65] 55. 8033.40 25/10. 264. 2 
6 op. 103. 1 66] 56. 633. 9 260108. 1064. 8 
7 ob. o o3. 667 57. 5 34. 4 27108. 9065. 3 
8 [o6. 9 04. 1 68] 58. 335. 0 280109. 865. 8 
9 o. 7 og. 6 69 59.2035. 5 29/10. 666. 3 
10 [of. 605. 1 70 60. 036. o 300111. 5166.8 
1 [o. 405. 771 60. 936. 51310113. 467. 3 
1210. 306. 2 72] 61. 837. 0 320113. 2 67. 8 
1311. 206.7 73 62. 6137. 6 33/114. 1068.4 
1412. [o. 2 74] 63. 5 38. 0 34/114. 9 68. 9 
15 12. 507. 7 [75 64. 338. 6 35 115. 869.4 
1613. 708. 2 76] 65. 239. 1 36/116. 669. 9 
1714. 608. 777 66. 0 39. 6 37/117. f 70. 4 
1815. 409. 3780 66. 9 40. 1 380118. 470. 9 
1916. 309. 879 67. 840. 6 39119. 271. 4 
2017. 210. 3 Arne 68.61]42.1 40/120. 1| 72.0 
2118.00. 8 81] 69. 5041. 6141 120. 972. 5 . . 
2218.91. 3 82] 70. 342. 2 42[121.8|73.0 . . 
2319.7 (11.8 83] 71.242. 7 43[122.7|73. 5 . . 
2420. 612. 3 34] 72.043. 2 441123. 5|74.0 ; 
25|21.4|12.9]} 85] 72.943. 7 45/724. 474. 6 ; 
2622. 3 13.4 86 73.844. 2 46/125. 2 75. 228. 1036.7 
2723. 213.9 [ 37] 74. 644. 7 47/126. 175. 6 229. 00137. 2 
28 24.014.488] 75. 546. 2 480126. 976. 1 229.9137. 7 
2924.9 14.9 89 76. 345. 7 49127. 8 76. 6 230.7138. 2 
30 26.7115. 4 22 77.2 46. 3 _$01128. 7 77.1 231.6|138.8 
3126.6 15. 9 91] 78. 146. 8151129. 5 77. 6 232.4139. 3 
3227. 416.4 92] 78.94. 3 521 30. 478. 1 233. 3139.8 
3328. 317. 0 93] 79.847. 8 53/131. 278. 6 231.2749. 3 
3429. 217. 5 94] 30. 6148. 3 54/132. IN. 235.0140. 8 
3530. 018. 0 95 8r. 548. 8 55/32. 979.7 235.9747. 3 
3630. 918. 5 96 82. 349. 3 561133. 8| 80. 2 236. 7141. 8 
3731.79. 97] 83. 249. 9 57724. 7 80. 7 237. 6142.4 
38 32.619. 5 93] 84. 150. 4 58/135. 5 81. 2 238. 4142.9 
3933. 520. 0 99] 84.9 50. 9 59/136. 481.7 239. 3143.4 
40 34.3 20.6 100 85. 8 51.4 50 137.2 282. 2 240. 2143. 9 
4135. 2 21. 1101] 86. 651. 9161138. 182.7 241. 0144. 4 
4236. 021.6 o2| 87. 5 52. 4 62/138. 9 83. 3 241. 9144.9 
4336. 922.9 oz] 88. 352. 9 63/139. 8 83. 8 242.7145. 4 
4437.7 22. 604 89. 2 53.4 64/740. 7 84. 3 243. 61146. © 
4538. 623. 1 o5| 90. 154. 0 65141. 5 84. 8 244. 4146. 5 
4639. 523.6 06 90. 954. 5 66142. 4 85. 3 245.3147. o 
4740. 324. 207 91.855. 0 67143. 2 85.8 246. 2147. 5 
4841. 224.7 [08 92.655. 5 681144. 1 86. 3 247. 0148.0 
49 42.025. 2 09 93. 5 56. 0 69145. 0086. 9 247.9148. 6 
5142.95.21 94-3] 56: 5N} 721145. 887. 248. 7149. o 
5143.76. 2 [111 95. 257.0771146. 787. 9 249. 60149. 0 
5244. 626.7 [12 96.1457.6 721147. 588. 4 250. 4150.1 
53045. 57. 213 86.58. 1 731148. 488. 9 251. 31159, 6 
5446. 327.814 97.858. 6 74149. 2 89. 4 252. 2151. t. 
5547. 2028. 315 98.659. 1 75/1 50. 1089. 9 453. C0151. 6 
5 648.028. 816 90. 5 59. 60 76151. of 90. 4 253.9152. 
5 748. 929. 317 [roo. 460. 7751. 8091. o 2 54+ 71 52. 6 
5 849.7 29.818101. 259. 6 780152. 791. 5 25560153. 
950. 630. 3 19 fo. 161. 2 79153. 592.0 256. 50153. 8 
5 o0|51. 530. 8 25|102.9|6r. 20 801154. 492.5 257+ 3/154. 2 
Dit D=p | Lat "Dit! Dep 1 Lat Bi Dep | Lat Bin Dep | Lat 
B b for 


<-> ane the ere 


a Dep 


ia 


- for 5 Points. _| 


. Dre it. adi | DB, Diſt 47 
[150-7] 33+9 211100. 67. 2 3 
6265 1.5344 23 fr 67. 8 1 
53+44 35-0 23102. 3 68. 3 
a 53•235˙6 241103.1} 63.9 « 5f 
5643.1 25:103.61 69.4 | 
2154-91] 36-7 [| 2104. 8 70. o | 
0715-71 37-2} 27 .195e6| 70. 5 -2] 
a 56. 5137.8 28 106.4 71,1 4 
57˙4/38.3 29107. 271.7 R 
53. 238.9 301108. 1 72.2 . . 
59-01 39-4h113t 108.9 72.8 a 251608. 7139.4 
9.940, 0 32 109. 7 73-3 89. 521209. 5 140. 
3e. 740. 633 110. 6 73.9 0 | 
Or.S141,1 0] 34 111.4 74-4 a | I 
62-4t41.7] 35 112. 2 75-0 95] 162. 1þ 108.3 |. 
1s Hs 2 36113. 1 75.51] 96 152.94 108.9 5012. 80142. 27 
64.032.837 113.9] 76. 1 97163. 8 109. 4 57 213.142. 8 
54.804330 38.114. 7 76.7] 98] 104.6} 110.0ff 58014. 543. 3 
95.743.939 115.6 110. 5. 59 15.3043. 5 
66. 344. 4 40116. 4 11. 1 60 16. 1144.4 
67. 345.1411777 111. 726 1E 17. oſ 145. o 
68. 245.6 42 118.117 112. 2 7. 80145. 
69. 046. 1 43 118.9 112.8 
69. 8046.7 44 119-79 80. o 113.3 
70. 7147.2 45 129.5] 80.5 113.9 
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3 03. 60 280127. 8006. 7 8818. 709. 8 48247. 7 
9 03. 60 291128. 8006. 8 89188. 79. 9 49 248.7 
1 9 [23-7139 129.8] 06, 8 20 189. 7199-9 _$01249.7 
71 03. 71310730. 8006. 9191190. 740. oz 51 2 50. 6 
| 12 ©3. 8 321131. 806.9 92j191.7410.0i] 52251. 6 
13 03. $f} 331132. 807. 0 93192. 710. 1 53252. 6 
14 03. 9 34/133. 807. 0 94193. 70. 1 4253.6 | 


03. 9 350134. 800%. 1095194. to. 20 551254. 6 
04. o 360135. 807. 1 96195. 70. 3 56255. 6 


177. 04. o 371 36. 807. 2 97196. 710. 3 57256. 6 
18018. 04+. 1 381137. 80. 298197. 70. 4 58257. 6 

1919. 04: 1 391138. 8 07. 3 99198. 710. 4 59258. 6 
20 20. 0 


o4. 2 401 39. 8007. 30200199. 210. 5 6029. 6 
2 140. 8 7. 4||201 200. 70. 5267 260. 6 
04: 3 424141. 80%. 402181. [to. 6 62261. 6 
04. 31 4.31142. 80%. 5 03202. 210. 6 63262. 6 
24. 001. 3 4. 4 441143+ 8 07. 5 4 203. 7510.7 64263. 6 
25.001. 3 | 04. 4 45/44. 8 0%. 6 05 | 204. 710. 7 65264. 6 
2626. 001. 4 860 $5.9 04. 5 46/145. 8 07. 6 06 205. 710. 8 66265. 6 
127 1. 4 87] 86.9 |04. 6 471146. 8007. 7 07 206. 210. 8 67266. 6 
28028. 001. 5 83] 87. 9 04. 6 480147. 80%. 7 08207. 710. 9 68267. 6 
29.29. Oo. 5 89} 88.9 04. 7 491148. 8007. 8 09 208. 7/10. 9 69268. 6 | 
3030-01. 6 99 89. 9 O4. 7 59 9 209. 711. 0 70269. 614.1 
31031. o Or. 6 91] 90.9 04.8 151 210. 71t 1. 0 [271 270. 6114.2 
3232.00. 7 921] 91. 904. 8 52 211.711. 1 721271. 6114. 2 
3333.00. 7 93] 92.904. 9 53 212.711. 1 73272. 6143 
| 34134- © PT. 8 94] 93.94. 9 54 213.7|11.2]] 74/273. 6114+ 3 
3535.01. 8 95] 94-9|05.0ff 55 214.711. 2 75] 274. 614. 4 
3535. 90. 9 995-9 of. of 56/1 215.711. 3 761275. 614.4 
3736. 90. 9 97 96. f 216.7 276. 6114. 5 


11121. 001. 1 


122 12. 001. 1 
5 01. 2 


2 
I» 
1 
© 


96.9 
38137-9192, of 98] 97.9 58 217.7 277. 614. 5 
39638. 9% . 0 99] 98.9 59/1 218.7 1278. 6114.6] 
40039. 90. x||190] 99. 9 ö 60 0 , 219.7 279. 6114+7 
41/40. 9 oz. 1 rontoo. 9 161 


220. 7 
221.7 
222.7 
223.7 


280. 6114.7 
281. 6114. K 
282, 6114. 8 
283. 614.9 


42041. 9 02. 2 0101.9 05. 3 62 
43 42. 9%. 2 031102.9 og. 4 63 

43.9102. 30g 103. 9 05. 4 64 
45. 92.4 0504. 9 05. f 65 


i : 5224.7 284. 614.9 

: 4645. 9 02. 4 06/105. 905. 5 66 225.7 4286. 625. 

4746. 9 02. 507105. 61 67 226. 7 266.615. 0 

f 48047. 902. 58]. 8 jog. 7 68)1 227. 287.615. 

: 4948. 9 0. 6 ofs. 8 of. 7 6 228.7 288.615. 1 

= 50149. 9 oz. 6 10jt09. 8 05. 8 70 229.7 289, 6]' f. 2 

51150. 9102.7 111 120.3 þ I71 230.7 299. 6|15-2] 
2051.9 02. 7 121111.8 72 231.7 291.615,31 

5 | $3 $5249 oz. 8 13112. 73 232.7 292. 6 15-3 | 

; 5453.9 j02. 8 14/113: 8} 06. 174 233.7 293.61!5'4 

4 155 54.902. 9 151114. 75 234.7 294.6115 

5 5655.90. 9 1615. 7 09.236 235.7 295˙615• 5 

4 . | 57155-9103. of 171126. 8 06. 1 771176. 8009. 3 37 1236.7 296. 6[15- 5 

's 5857. 9%. of] 187. 806, J 781177. $09. 3 38{237.7 297.6]15-6 

0 5958.9 03. 1] 19118. 791178. 8009.4 39 238.7 298. 615.6 

2 8989.2 83.1 2 30179. $109. 4 2 239.2 12.6 300 299.616. 

— 588 Lat Dial Dep Tar ibi Dep [Lat D R! Deo U. er [Ter 

— 


— 


* At 3 


— 5 F - 8.3. 2 for 87 Degrees, © 


a * LY * 
32 bs GY 


Difference of Latitude and Departure for 4 Deg.” 


| [DiR Lat | Dep din Lat |; Dep pViſt] Lat | Dep Ditt Lat | Dep Diſt Lat} Dep! T 
15770 60. I, 61] 60.9 54. 3 1210120. 708. 4181 [180.6 12. 6 41240. 4 163 
2 ſoz. ooo. 1 62] 61.904. 3 22121. 708. 5 82 181.6 [12.7 [42 241.4 16.9 
303. ooo. 2 63] 62. 8 [o. 4 230122. 708. 6 83 182.612. 843 242.416. 9 
404. 0 oo. 3 64 63. 8 [o4. 5 240123. 708. 684 183.612. 8 44 243.41). 0 
5 og. ooo. 5 65] 64. 804. 5 2524.7 08.735 [184-6112.9 || 45|244-4] 17.1 
5 os. o oo. 4 66] 65. 8 [o. ö 26125. 7 08. 8 86 185.613. 46245401. 
7 og. o oo. 5 67] 66. 8 [o. 7 27/126. 7 03. 9 87 186.63. 0 47246. 4 17.2 
8 os. o oo. 6 63] 67. 3 04. 7 280127. 708.9 88 187.5131 48247.4017.; 
| 9 og. ooo. 6 69] 68.804. 8 29 128.7 09. 0 89 [188-5113-2 |} 49|248.4| 17.4 
1 1010. 0 00. 2 29 69. 8 04. 9 3129.22.95 [189.5]13-2 || 50[249.4| 17.4 3 
4 "It 11. o oo. 8 71] 70. 8 05.0 1310130. 7 09. 1191 [190.51[13.3||251| 250.4 17. z 
1212. 0.00. 8 72] 71. Blog. 00 320131. 709. 29219151340 52251416 
1313. 000. 9 73] 72.8 of. 1 330732. 7199-31} 93 192-513. 5 $31252-417.6 
1414. of. o 74/ 73. 8 [of. 2 34/7133. 709. 3094 193.513. 5 5425347). 
1515. O[ol1. o 75 74. 8 O5. 2 35/134. 709. 4 95 [1945 13.6 5502544 17. 8 
1616. 0 ot. 1 7%} 75. 8 of. 3 36235. 709. 5 96 195.5137 56|255- 4| 17.8 


17 1. [of. 2 77] 76. 8 [of. 4 370736. 709. 597 196. 5 [13.7 57256. 417.9 
4 1818. 001, 378] 77-8[05.4]} 380137. 7 09. 6 98 [197-5]13-8 |} 58252. 4018.0 
* 1919. 007. 3 79] 78. 8 of. sf 39138. 709. 7 99 [198.513.959 258.418. 
| k 80] 79. 8 05. 5 40/139. 20. 800 [199.5 3. 2 60| 259.4 18.1 

25 20. 901. 5 $1] 80. 8 05. 7141149. 7|09. 8201 [z00. 514. 0 [261 260. 418.2 
4 2221.9 orf. 5 82] 87. 805. 7 420141. 709. 9 02 201. 514. 1 62261. 44 18.; 
1 23 22.901, 6 83] 82. 8 Jof. 8 430142. 710. o 03 202. 514.1 | -63|262.4| 18.3 
| 2423.9 01. 7 34] 33. 805. 9 44/143. 7 10.0 04 [203-5 . 
| 25|[24-9|01.7 85 84. 8 [of, 5 45/44. 7 10. 105 [204.5 

2625.9 01. 8 36] 85. 806. off 45/145. 610. 2 06 206. 5 

2726.9 01.9 37] 86. 806. 1 47146. 6 10. 2 07 206. 5 
2827.9 oz. of 33] 87. 8[o6. 1 48147. 6 10. 3 08 207. 5 
2928.9 oz. of 89 88. 806. 2 49148. 6 10. 4 og 208.5 
3029.02. 12 39. 806. 3 5149. 610. 5 10 [209.5 


3730. 9 oz. 291 90. 856, 41510150. 6 f0. 571 [z 10. 5 
3231. 9 oz. 2 92] 91. 806. 4 52 151. 6 10. 6 12 [211.5 
3332.90 . 3 93 92. 806. 5 530152. 610. 7 13 [212.5 
| 3433.9 O02. 4 94 93. 806.6 540153. 610. 7 14 [213-5 
2 35 34. 9 oz. 4 95 94. 806. 6 550154. 610. 8 15214. 15. 
{ 3635.9 oz. 5 96] 95. 806, 7 56155. 610. 9 16 215.515. 
3736. 9 oz. 6 97] 96. 806. 8 57156. 610. 9 17 216. 5 
3837.9 o. 7 98] 97.8 [o6. 8 58157. 611.0 18 [217-5 
3938.9 02. 7 99] 58. 806. 9 5918.61. 1 19 [218.5 
40 392.9 02.8 [ee 99. 8 oz. o 50152-8021. 2 20 [219-5 N 


161160. 61. 2221220. 5 
62 161.611. 3 22 [221.5 
63162. 611.4 23 [222.5 m5. 
64163. 611.4 24223. 5 
65164. 611. 5 25 224. 5 
66165. 611.6 225.5 
67166. 611.6 27 |226. 5 
681167.6j11.7]} 28227. 5 
69168. 6 11.8 29228. 5 
70169. 611. 8 30 [229.4 


171170. 611.9231 {230.4 
. 171. 612.0 32231. 4 
5382.9 03. 713112. 70. 9 73 172. 612. 1 33 [232.4 
5453.9 03. 81413. 70. 9 74/173. 612. 1342334 
Z 5554. 9 o 3. 815114. 708. o 75174. 612. 2352344 

1.5655. 903.9 16115. 708. 1 76175. 612. 3 36 [235-4 
15756. 9 O4. 0 17116. 708. 2 77176. 6 12. 3 37 [236.4 
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5857. 9 [o4. 0 18177. 708. 2 78177. 6 12.4 38 237.4 
5958.9 04. 119118. 08. 3 79178. 612. 5 39 238.4 
6059. 904. 2 20119. 708. 4 80179. 612. 5 40 239. 4 F 
Diſt | Dep t 1Diſt' Dep | Lat bin Dep | Lat Dif Dep — 
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5-Deg. | | 
DepſſDitt; Lat Dep; ©. 
15. 24] 240. 121. 0 
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_ Difference of Latitade and 8 for 6 


_ Lat 1 Dep Dep þ Lat | Dep qDiſt iſt, - Lar | Dep] 
120. 312. 72. 6181780. 18.9% 
121. 312.7820181. oft, o 
122.312. 9 83 82.019. 1 
123. 3 Tz. c 84183. 019. 2 
124.313. 1 85184019. 30 
125313. 2 19. 4 
126.313. 3 186. 019. 5 
127.313. 4 88187. 0019. 61]. 48 
9128.3 13. 5 188.019. 8 
129. 313. 6 19.9 
130. 3 13. 71910189. 90. 0 
131. 313. 8 190.920. 1 
31132. 313.9 92]191.9120.2 
133. 314. o 192.90. 3 
134. 314.1 95/193. 920. 4 
135. 314.2 96194. 90. 5 
136. 2 14. 3 97}195.9420, 6 
137. 2114.4 98 W 
138. 214. 5 197.920. 8 
139. 214. C z 198.9 zo. 9 
140. 214.7 199.921. o 
14. 214.8 200. 92 1.1 
142.2 14.9 31201. 921. 2 
143. 215.0 202. 921.3 
5144. 215. 2 05/203. 921.4 
| 145-2[15.3 204* 921. 5 
146.215.4 9021. 6 
147.215. 51 080206. 9021.7 
148.215. 0 207. 921.8 
49.2157 208. $ 21.9 
150. 215. 82110 209. 8022. 
151.215. 9 210. 822. 2 
152.216. 0 130211. 8022. 3 
153.216. 1 14/212. 822. 4 
154. 116. 2 213.8022. 5 
155.116. 3 214. 822.6 
156. 116. 4 17215. 822.7 
157. 116. 5 180216. 8022. 8 
158.116. 6 217. 8022.9 
60 159-1116. 7 218. 8123. 00 
760. 1 76.8 2210219. 8023.1 
161. 716.9 220. 823. 2 
162. 117.0 8123.3 
163. 117.1 2228023. 4 
164. 117.2 223+ 8123, 50 
165. 1 17. 3 | 8123, 6 
166. 117.5 1225-8123. 7 
167. 117.0 226.723. 8 
168. 117.7 227.723. 9 
| 169.1} 27.8 8 | 301228. 224. o | 
Fon 17.9 229.7241 
171. 1118.0 230. 74. 2 
172. 0 18.1 231.724. 3 
173.0 18:2 232.724. 5 
174.0 18.3 5 24-6 
175. 018.4 30 7124.7 
176.018. 5 37235. 5 24.8 
177.0 18. 6 7124.9 
178.0 18.7 39237. 75. 
179.0 28.8 40] 238-7]2 5-1 
Dep Lat 


Tar Pia. Pep 


Deg. 


1 


Difference of Latitude wit Depart for D | 
Dif Lat. DepſſDiit kj Lat (Dep Dig] Lat | Depf 
00. 1 61 79. 122.0 2411239, 2 [29.3 
o2. oOo. 2 62 622. 2 42240, 2 2. 5 
03. oO. 44 63 22-3 || 4341. 229. 6 
04. 0} oO. 5 64 22. — 0 29.7 
05. 0] oo. 6. 65 22. 5 45j243-2 [29.8 | 
06,0 00. 7 66]. 2227 22 44.1 29.9 . 1 
06. 900. 9 67 24. 8 [ 4745. 130. 1 g 
07. 9 ol. Of} 68 6022.9 48246. 1 30. 2 1 
08.901. 1 69 23.0 [ 491247. 130. 3 
10109. 9 or. 2 70 124 1 5of248-1 30.4 4 
11010. 91-3717 23·3 251 249. 1 30. 6 | 
12{11.9JOT.5|}| 724 6123.4}| 52[250.1} 30.7 
1372.91. 60 73 23.5 || 53]251-1 } 30. 8 
14.13.9401. 2 74 23.6 54/2 52.1 30.9 

23.7 5$51253-1 | 3H» 
23.9 56j254-1 | 31-2 
24.0 57j255-1 [31.3 
24.1 58 256.131. 4 
24.2 | 5902571431. 5 

2 44 _bojz5 2431.7 
24-5 [261 
24. 6 


\O YO „ 
O 
— 
— 


1514.9 01.8 75 
160 15. 901.9 76 
17] 1609 102-I] 77 
181 17.902. 2 78 
19] 18.92. 3 79 
20 19.9824 80 
211 20.8 [02.6 Sx: 
IT 21.8 02.7 82 7 
230 22.8 [02.8 83 
2 23. 8 02.9 84 . | h ; 
252483. 85} 84. N . 203. 55. 0 651263.0 | 
26025 83. 2 86 | 8 
2726.8 [o3. 3 87] 80 . 5 3 
25127-8103-4]| 38} 07 | 9118. 206. 428.3 680265. 0 32.6 
29] 28,8 03. 5 89 | | 07.412; i 

30729. 8 03.7 90 
31 30:3 [03.8 g1 
32031. 893.9 92 
3332 8 fo4. off 93]. 
3433.7 124+ "if 94 


35] 34+7 [24+ 31} 95, 26.2 75127 *+9] 33-5 
3635.74 95 (26. 3 |} 79]273-9 | 33-6 
37] 36-7 [94+ 5 97] 96.31: 5.8] 19. 215.4126. 4 771274-9| 33-71 
38] 37-7 [. ff 98 97- | $1 216.4126. 5 78j275-9 | 33-9 
39] 38. 7 194+ 8 99] 98 1157. | 217. 4126+7 || 791270-9 | 34-0 
49] 39, 7124+ 200 a | 26.8 [[. $01277-9 | 34-1 
41140. 7]95»9f[101 | 59. 219. 3026.9 [28 10278.9 | 34-2 
42041. 705. 1 o2 101. 2.2. : | | 3127.0 | 82 279.9 34+3 
43042. 705. 2 03 8 | 221.327. 2 830280. 9 34.5 
4443.705404 . 2 O | 222. 3027.3 | 84 231.934. 6 
45144: 708. $I] 05 | 12. . 223.327. 4 $51282.9] 34-7 
46]145.7|95+6]} 06 . 0 6 224. 327.5 |} 86283.9 34.8 
47146, 605. 7 07 2 5 71225. 3027.6 8784.8 34-9 
48047. 6495-Bj| o8 , W7 226. 327. 8 8828 5.835. 1 
4948. 6496. oog 8 : 227+3[27.9 || 89286. 835.2 
5049.65. 1 10 228. 3 28.0 9087.84 35. 3 
51050. 606. IU 2311229.3 28. 1 11291258. 35-4 

| $2]51,6106, 30 12111. 2 70.720. 230. 3028. 3 920289. 83.5 
5352. 666. 8 13 13. ; 1 33} 231-3[23.4 || 93]a90-84 35.7 
5453-666. 6 14 1113.9 72. 232-212» 5 || 9491.8 35-8 
55154-6406, 15 233-2123.6 1] 951292.8] 55.9 
5655. 606. 80 161 234.2 28.7 || 960293. 8 36.0 
57156. 6 06. 9 17 | | 21.6 235.2028. 9 l 97294. 8 36.2 
5 57· 67.1 18 38 236.229. 0 l 9829.8 36. 3 
5958.60. l 19118. 1] 14. 21. 237. 29. 1 99296. 8 36.44 
_boſ 59.6107. 3 20 | x _40] 238.2 29-2 [2097.8 36-51, 
Diſt] Dep | Lat Biff Lat |\Diftl Dep | Lat '[DiRi Dep | Lat | 


oo = Diſt Far Dep jjDiſt] 'Lat | Dep wy Lac a 
{ -Tjor.ooo. rf} br 60.4 | 08. 5|[121]119.8|16.8 181 179.225. 
202. o oo. 3 62 61.408. 60 220120. 8 1). o 82180. 2 
33. 0 foo. 4 63] 62.408. 8 230121. 8 17. 1 831872 
404. oo. 6 64 63.4008. 9 240122. 817. 30 84182. 2 
5195.0 o. 7 65] 64. 409. of 250123. 8 17. 4 $5 |183-2 
505.9 oo. 8 66 65. 469. 2 2624.8 17. 5 86 184.2 
706. 9 o. c 67] 66.409. 3 27125-8817. 7 87185. 2 
84.9 [or. 1 68] 67. 309. 5 281126.8|1-.8]} 88 186.2 
908. 9 [or. 3 69 68. 309. 6 29 127.718. of} 89 187.2 
9924.25 69. 3 09. 7 300128. 58. 10 90 188.2 
1110.9 01. 5 71 70. 3109.9 1310129. 718.2191189. 1 
1211.91. 72 71. 310. 00 320130. 718.4 92190. 1 
1372.9 ol. 8 73] 72. 3 10,2 33031. 74178. 5 93 [191.1 
1413.9 [l. 9 74 73. 310; 340132. 718.7 94192. 7 
1514921 75 74. 310.4 350133718. 8 95193. 
1615.5 [o. 2 76 75. 3 10.6 36134. 718. 9 96 [194.1 
1216.8 o. 4 77] 76. 310.7 37/235. 719. 1097195. 1 
1817.8 oz. 5 78 77. 210. 9 380135. 719. 2 98196. 
1918.9 [o. 6 79 78. 211.0 39137. 719. 30 99 [197.1 
q 20]19:31]02-8}} $0] 79.2 11. 140 138.619.280 128. 
2120. 5 [oz. 9 $1] 80. 211. 3 1410139. 619. 60 | 199.0 
122121.8 [o;. 1 82 81.2 11.4 42140. 619. 8 O2 200. o 
2322.8 [o;. 2 83] 82.211. 431147 619. 9 o3 201. o 
2423.8 03. 3 84 83.2 11.7 44/142. 6 20. o o 202. o 
F 25|24-51093.5] 85 84.2 11. 8 45/143. 6 20. 2 05 203. o 
Þ 261]25-703-61]| 86 85.2 12.0 4/144. 6020. 3 06204. o 
2726.7 oz. 8 87 86.2 12. 1 471145. 6 640.80 07205. o 
28277 fo. 9 88 87. 112. 2 480145. 6 20. öl 08 [206.0 
29 28.7 O4. O | 89 83.1 12.4 49 147 .6 20-7] 09 207. O 
30222 4.22 89.1 12. 5 50148. 520. 9 10 208. o 
3130.7 04. 3 91] 90. 112.7157149. 51. [211 209. o 
3231. 7 04. 5 92] 91.1 12.8 521150. 521. 2 12 209.9 
33 32. 7 [04.6 93] 92.1] 12.9 530151. 521. 30 130210. 9 
1 34133*7194-71]] 94] 93.113. 10 541525 21.4/ 4211.9 
35134704. 9 95] 94. 113.2550153. 5021.6 15 212.9 
| 36035˙7 [o- 99] 95-1] 13-4} 561154-5121-7]| 1613.9 
4 3736.6 05. 2 97] 96.1} 13.5 -$671155+5|21.9}] 17|214-9 
38 37605. 4 98 97.013. 50 58/156. 522.0] 188215. 9 
3938.65. 5 99 98.0 13.8 59[157-5]22-1]| 19 216.9 
2 22.60. 100] 90.0 13.0 60158-4022. 320212. 9 
4140. 6 os. 7101 fo. o 14. 116101 59. 422. 4221218.9 
4241.6 [of. 8 [o fol. o 14.2 62160. 422. 6% 22 [219.8 
43142-6106. o o3ro2. 0 14. 3 630161. 4022.723220. 8 
4443-606. 1 04103. 0 14. 5 64162. 422. 8 242218 
4544-606. 3 05104. 0 14. 650163.4 23,9] 25|27.2.8 
1 46145-6196.4]] 06[rog.o| 14.8] 65/164. 4 23. 10 26223. 8 
4746. 5 06. 5 07106. 0 14.9] 67165. 4 23. 2 27224. 8 
4847-506. 7 [o 107. o 15. of 68 166. 423.44 2822.8 
49 48. 506. 8 09107. 9 15-2 69 167.4 3.5 29 226.8 
8 . 108.9 15. ] 701168. 423. 7 30227. 8 
5159.5 [07.1111 109.915. 5710169. 3023. 8231[228.8 
5251.57. 2 12110. 915. 6 75 170. 3 23.9 32 229.7 
53152•.5[/7˙. 40 13|1r1.9]15-7 720177 24.1 33230. 7 
54 83˙5[7·5[ 412.9759 74/172·3024·2 34231. 7 
$51 54-5197-7]| 15173. 9 16. of 75173-31244 35232. 7 
5655.50. 8 1614.9 16.1 761174+3 24-51} 361233-7 
574 59-4J07-9ff 1175.9 16. 3 771753 24.60 37 [234 7 
| 581 57-4j08-1]} 180116. 9 16.4 780176. 3]24. 7 38]235-7 
59 58.408.219 117.3] 16.6}] 751177. 3124.9} 39 238.7 
60 59.4 08-4 2118.8 80178. 325. 1 40 237-7 
Bin Dep | Lat Bin Dep | Tar Bi Dep | Tar} Dinl Dep 
138 5 : for 82 Top | 
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| Difference of Latitude and Departure for 9g Deg: _ + 


Lat | 


120. 5 
23j121.5 
122.5 
5123.5 
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731 70. 220. 1 33127. 836.7 93 
74 71.120. 4 34128. 8 36. 9 94 
75 72.120. 7 3529.8 37-21} 95 
76 73.020. 9 360130. 7 37. 5 96 
77] 7401. 2 37] 131-71 37-off 97 
781 75.0 ng 33|132.6| 38. o 98 
79] 7˙9 1.8 39|133-6] 38. 3]| 99 
| Bo] 76.922. 0 40 134-6 38, 611200 
77.9223 141135 5 38. 901 
82 78. 822. 642136. 5 39. 1 02 
83] 79-8 2 72 13.439403 
84] 86. 723. 1 44138. 439. 7 04 
85] 81.723. 4 45|139-4|40- o 05] 
86 82.723. 7 46140. 3 40. 2 06 
87 83. 624.00 47141. 340. f 07 
88] 84.624. 3 48142. 2 40. 8 o8 
89] 85. 524. 5 49143. 41. 1 09 
90 86. 5 24 50 24s 41. 3 10 
I | 41. 6fjz11 | 
41.9 12 
42.213 
42.4} 14 
42.7 15 
43.0 16 
43- 31] 77 
43-5] 18 
6 43.8019 
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44. 4221 
44. 6\} 22 
7 144+ 9]] 23 
45-21] 24 
43-51} 25 
45-71] 26 
46: off, 27 
5 46. 3 28 
6 4 46. 60 29 
163.4 46. 91.30 
164.4 47. 10231 
165. 3 47.4 32 
166.3 47.7 33 
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168. 248. 2 35 
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170. 148.8 37 
171. 149. 10 383}: 
172.049.3039 
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101. oſoo. 361 58. 3 17. 81210115. 35418117312. 9%½41 
J 201. 9 0. 6 62] 59. 318. 1 22116. 735.7 82 174.053. 2 42 
3102. 9100. 9 63] 60. 2 18. 4 23/11. 036. 0 83175. 053. 5 43 
403. 8 01. 2 64] 61. 218. 7 240118. 6036.2 84 175.953. 8 44 
504. Bjor. 5 65]. 62.2| 19. 0 250119. 536. 5 85 176.954. 145 
605. 701. 8 66] 63. 119. 30 26120. 5 36. 80 836177. 954. 4 46 
706. 7 02. o 67 64. 119. 6 27121. 437. 1 87178. 854. 7 47 
307. 602. 3 68] 65. 019. 9 280122. 437. 4 88179. 855. 0 48 
9008. 6 o2. 6 69] 66. 0 20. 2 29123. 437. 7 89180. 755. 2 49 
10009. 602. 9 70 20. 5\} 301124- 3038. 90181. 288-5 50 
20. 81310125. 3] 38. 30191182. 655.8251 

21. 0 32126. 2 38. 6 92183. 656. 1 


21. 3 330127. 2038.9 93184. 656. 4 
21. 6 34128. 1039. 2094185. 556.7 
21.9 35/129. 1039.5 95186. 557. 00 55 
22. 2 361 30. 039-80 96187. 457. 3 56 
22. 5 3131. 0040. o 97188. 457. 6 57 
22. 8 380132. 0040. 3 98189. 3157.9 58 
. 132.940. 6 99190. 358, 2 5 
133-9140. 9]|200 191. 2 58. 5)} 60 
134. 841. 2 192, 258.8 [261 
135.841. 5 9. 
136.741. 8 03194. 1 8 
137. 742. 10 04195. 189. 6 
138.742. 405196. 059. 9 
139.642. 7 06197. 060. 2 
140. 6043. [ 07 197. 960. 5 
480141. 543. 30 08198. 960. 8 
490142. 543.6 09 199.961. 1 
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1510144. 444 
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65|157+ 
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67159. 
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70 62. 6 42.2 3219.9 
1710163. 50 50. oſſaz1 220. 9 
720164. 5 50. 3 32221. 8 
731165. 4 50. 6 33222. 8 
7416.40 50. 9 34 223.8 
75167·3051. 2 35224. 7 
761168. 3051. 40 36 225.7 
771169. 3051.7 37226. 669 
73170. 2052. 00 38 [227.669 
8 79171. 252. 3 39228. 5069.9 

800/172. 10 52. 60 401229. 5170.2 
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00-8} 6 
3401. 4 
01.9 
2052.8 


23.31 


118. 2 
119. 2 
120. 1 
12 1. 1 


122. 1 
123.0? 
124.0 
124. 0 
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125.9 
126. 9 
127. 8 
128. 8 


129. 8 
9139.7 


131.713 
81132. 6 


133.6 
134-6 


1135-5 


136. 5 
137-4 
138.4 
139-4. 
140. 3 

141. 3 
142. 2 
143.2 


144.2 
1145.1 


146.1 


1147.1 
148.0 


149.0 


151. 
I52. 


o|153.5 
1547 
1557 
8 

157. 6 
1 58. 6 
159.5 
160. 5 
1161. 5 
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104.4 47.1 
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1167.2 
168. 2 
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39.7 
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40. 2 
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42.2 
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41. 1 09 
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35481 173.1 


116. 735.7 82174. o 
117. 6036. 0 83175. o 


118. 636.2 


84175.9 


119. 5036. 5 85176. 9 


120. 5 


36. 8 86177. 9 


121.437. 1 87178. 8 


122. 4 37. 4 88179. 8 


123. 437. 7 89180. 7 
124. 3038. 0 90 181.7 


125.338.3191 182.6 


126. 2038. 6 92183. 6 
127. 238. 9 93184. 6 


128. 139. 2 94185. 5 


129. 139. 5 95186. 5 
1 30. 0 39. 80 96187. 4 
131. 040. o 97188. 4 
132. 0040. 3098189. 3 


132. 940. 6 99190. 35 


133+ 9]49- 2200197. 2 


135.841. 5 


134.8041. 2 9. 192, 2 
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136. 741. 80 03194. 1] 


44. 12111201. 861. 
44. 4 12 202. 762. o 
44.7 13203. 762. 3 
45. 0 14204. 662. 6 
45.30 15205. 662. 8 
45. 6j] 16206. 5163.1 
45˙9 [ 17207. 516 
46. 2 18208. 5 
46. 5 19209. 5 
46. 8 20210. 4 
47. 10221211. 364. 6 
47.4 22212. 364. 9 
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DI De Diſt} Lat Dep Pi Lat g Dep Din Lat | Dep Ditt | Lat | 1 
00. 3 61] 58. 0118.8 121 —M 4787172. 1155. 9241 429.2 
6 62] 59.19. 222116. 032.7 82173. 1056. 2 42230. 1 
00.91] 63] 59.99. 5 23117. 038. 00 83174. 056. 5 43231. 1 
01. 2 64] 60. 919. 824117. 938. 3] 84175. 0056. 9 44232. o 
01. 565 61. ; 20.1 | 25|118.9138.61\| 85175. 957. 2 45233. 0 
01. 9 66 62. 8020. 426119. 838.9 86176. 957. 5 46233. 9 
O2. 2 67] 63. 7020. 727120. 8039. 287177. 857. 8 47234. 9 
oa. 5 68] 64. 721.0 28121. 739.60 88178. 8058. 1 48235. 8 
02, 8 69] 55. 621. 329122. 739.9 8979. 758. 4 49 236.8 
o3. 1 70] 66.6 5.6/1. 30 123. 640. 2 90180. 758.7 50 237.8 
03.4171 57. 5 11.9 [131] 124.6140. 5 [91 [181.659.0251 |238;7 | y7. 
03. 7 72| 68.5]22.2 | 32|125. 5 40. 8 239.777. 9 
04. 0 7 vid i 126. 54141 240. 678. 2 
o. 31 74 70. 4 A 41.4 241. 678. 5 
04. 6 75 71.3 128.441. 7 242. 5 78. 8 
4. 9 76 72.3 129. 342. o 243.579. 1 
05.31 77 73.242 130. 342. 3 244.4 79. 4 
05. 6 78 74-2 131. 2042. 6 245.4 79.7 
5.9 79] 75-1 132. 2043 · 246. 3 80. o 
06. 2 80| 76.1 133.1043. 32 247+ 3|50. 3 
06. 51} $1] 77. o 134. 143. 6 248. 2 80.6 
06. $1] 8a] 78.0 135.043. 9 249. 281.0 
07. 1 $3] 78.9 136.0 44.2 250. 1181.3 
07. 40 84 A-9 136.9 44 5 251. 181.6 
07.71] 85 . 8 137.944. 8 252.081. 9 
O08, of 86 81.8 46138. 845.1 253.082. 2 
08, 3 87] 82.7 139. 845 · 4 253.982. 5 
08. 7 88] 83.7 140. 745 ·7 254. 982.8 
og. off 89 $4.6 141.746. o 255.883. 1 
09. 31 goa] $5.6 142.7 46.4 256. 883.4 
09. 6 gx} $6.5 143. 6146: 71jz ; 257.783. 
Og» off 92} 87. 5 144. 6147-0 55. 258. 784. o 
10. 293 88.4 145. 547.3 ; 259. 684.4 
10. 5 94| 89.4 146. 547. : 260. 6 $4.7 
10. 8 95 99.3 147.447. 9 > 261.5]85.0 
11. 1 96 91.3 148. 448. 2 6.7 262. 5 85. 3 
11. 4 97 92.2 149. 38. 5 206, 467. 1 77 263. 485.6 
11. 7 98 93-3 150. 38. 8 207. 267. 4 78 [264.4859 
12. 1 99 94-1 151.269. 1 208. 357. 7 79265. 386.2 
12. Aro 95-1 152. 2494 200. 2068. 0 30 266. 3 86. 5 
12.7 1071 96.1 153.149 ·7 2 10. 2168. 3 [28 1267. 280. 8 
13. o 021] 97-0 154. 150. 1 211. 168. 6 82268. 287.1 
r3. 31] 03] 98. o 155.0150.4|| 23|212. 1068.9 83 [269.1]87. 4 
I 3. 6 04] 98.9 155. 050. 7 24|213. 0063. 2 $4 [270.1] 837.8 
13.9 os 99-9 156.9151.0fj. 250214. 0069. 5 85|271.0|838.1 
14. 2 06100. 157.951. 3 214. 969. 8 36272. 088.4 
14. 5 07 [101.8 158. 351. 6 27215. 970. 1 87 [272.9] $3.7 
14. 8 08102. 7 159. 8051.9 216. $170. 8 88 273. 889. o 
15. 1 09103. 7 160. 752. 2 212.870. 8 89 274.889. 3 
15. 5 10104. 6 161.752. 5 218.221.190 175. 889. 6 
15. 811705. 6 162. 652. 8 219. 771.4291276. 789.9 
HG. 1 12106. 5 163. 6153.1 220. 671.7 92 1277-71 99-2 
16.41} 13]107.5 164. 5153-5 221.6072. fl 93278. 690. 5 
16.7 14108. 4 165. 851. 8 222. 5072. 3 94279. 690.5 
17. 0 1509. 4 51166. 454.1 223. 5172.6} 95280. 591.2 
17. 30 16110, 3 167.4544 224.472. 9 96]231. 5191-5 
17. 66 17117. 3 168. 354.7 225.4073. 2 97282. 491. 
17.9 188112. 2 169. 3155.0 226. 373. 5 98283. 4192-1 
18.2 19113. 2 170. 2055. 3 227. 373.9 99284. 3m · 4 
18. 8200114. 1 171. 2 55-6 |228. 2174. 211200 285. 3192-7 
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99. 3j| ©11,..57-7[19-9 [1211114.4|39.4||181 [171.158.9241 

o0. 7 62] 58. 620. 222115. 3 39.7 82 [172.1|59.3\| 42 

01. 0 63] 59.620. 5 23116. 3 40. 0 83 173.059.643 

o. 3 64| „. 520. 824117. 2 4. 4 84 174.059. 9 44 

01, 6 65 61.521. 2250118. 2 40. 7 $5 174.960. 245 

02. o 660 62.421. 526119. 141. 0 86 175.960. 6 46 

6 oz. 3 67 63. 321. 8 27/120. 141. 4 $7 76. 860.9 47 

02. 6 68] 64. 322.1 280121. 41.7 88 177.761. 2 48 

02.9] 69] 65. 222. 5 [ 29 122.0 42.0 89 178.761.549 

02,4 3 65. 222. 8 391 22.9 42.4 179.661.950 

oz. 6 77] 67. 123. 1 310123.9 42. 7191 180. 6 62.2 251 

03.91 72] 68. 123.4 320124. 843.0 92 181. 562. 5 52 

04.2} 73] 69.023. 833/125. 7 43. 393 182. 562.853 

O4. 6 74| 70. 0241 34/126. 7 43. 6 94 [183.463.254 
04.9 751 70-9124-4]| 35/72. 644. 0 95 184.463. 5 55 

05. 2 76 71. 924.7 36128. 6 44. 396 185. 363. 8 56 

5. 5 77 72. 825. 1 371129. 5 K. 6 97 186. 364.157 

05. 978] 73.7254 38/130. 5 44.9 9887264. 38 

o6. 2 79 74.725. 7 39131. 445. 3 99 188.164. 8 59 

06.5} 59] 75. 626. 40132. 448. 500 189. 1165.1 bo 

06. 881] 76. 626. 4 41133. 345.9201 [190.065.4261 

0. 2 32] 77. 526.7 42134. 346. 202 191.065. 8 62 

07. 5 83] 78. 527. 0 430135. 246. 6 ox 1791. 968. 1 63 

7. 8 84] 79.427. 4 44/7136. 146.9 og [192.9] 66.4 |} 64 

108.1 85] 80.4 27.71 45137. 1 47.2 og 193. 8166.7 65 

08, 5 86] 81. 328.0 [ 40138. 047. 5 o& 194. 867. 1 66 

08.8 87] 82.328. 3 471139.0:147.9]| 7 193.767.467 

og. 1 53] 83.2 28.7 48139. 9 48.2 o8 196. 767.768 

og. 4 39] 84. 129.0 49140. 9 48. 5 og 197.668. 1 69 

99.8 288.129.3418 48.810 28.588.420 

10. 1910 86.029. 61510142. 849.2211799. 568.7271 

10. 4 92] 87. 0 30.0 52143. 7 49. 512200. 4469. 0 72 

10. 7 93] 87.9 30. 3 53] 144- 7 49. 873201. 469. 473 

| 11. 1 94] 88.9 30. 5 54145. 6 50. 1 14202. 369.774 

3533. 111.40 95] 89.530. 9 [ 55/146. 5 50. 5 15203. 370.07 

3634.0 11. 7 96] 90. 837. 3 56/147. 5 50. 8 16204. 270. 37 
{ 37135-9|12.0f 97] 91.737. 6 57]/148. 451. 1 12205. 270.7 77 
3835.9 12. 4 95] 92.7 31.9 58149. 451.4 18 206.1 71 78 
3936.9 12.7 99 93.6032. 2 [ 59150. 3 f. 8 19 [207-1] 71.31] 79 
| 40[37-8|13.0ft00] 94. 5632. 6 50157. 352. 1 25/208. 21.6 80 
4138. 813. 3 or 95.5 32.9 161152. 2 52.4221 208.9 72.0 [281 
| 42 39-7|13.7]| o2| 96.41 33-2 || 62153. 252. 7 22 |209.9] 72-3 || 82 
] 43]40-7| 14.0] 03] 97-4133-5 63154. 1053.10 2321.8 72.6 83 
4441. 614. 3 04 98. 333.9 64/155. 153.40 242z11.872.9 84 
4542. 5 14 7 [o 99. 334.2 [ 65156. 053.725 [212.7 73-3\ 85 
4543.5 15. 0 06 100.2 34. 566156. 9 54. 0 26 213.773. 86 
4744. 4 15. 3007 for. 234.8 6717.9 54.4 27 ra he 87 
4845. 45. 6 o8 102. 135. 2 | 68]158.8]54.7]] 28 1215.6]74-2 l 88 
4946. 3 16. 0 og 103.1] 35.5 69159. 8 55. 0 29216. 5| 74-6 89 
— 47-316, 3] 10 104. 0135-8 2169.2 55: 30 [437 <4: 2 
5148. 216. 677 104. 936. 171161. 7 55.7231 [213.4] 75-2 [91 
5249. 216.9 12105. 936. 572162. 6 56.00 32 219.375.551 92 
5389. 117.3 13106. 836. 8 73163. 6 56.3 332.375.993 
S451. 117. 1410). 837. 1 74164. 5 56.7 34 [221-2 76.294 
5552.17 9 154 108. 37.4 751165, 5 57.0 35222278595 
3652.9 48. 215109. 77. || 76|166. 4| 57.3 35 [223-1 76.896 
\ 57153-9118.64| 170. 638. 77167. 357.6 37 (224.177.297 
5854. 818.9 186111. 638.4 78168. 3 58.00 38 225.077.598 
| 5955.89. 19112. 5 33.7 | 791 169. 258.3 39|225.0[77-8\] 99 
je [95:7 [29:51 20] 113: 5139-7 | ee 33:5) 22 [anne g [inn ae 
10 Dep | Lat E Dep 1 Lat u] Dep | Lar Did Dep Lc {Dif 
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Diff Lr Lat Dep, Dit] Lat _Lat | Dep [Dit |- Lat | Dep Mt: Lat Dep 95 Tar Dep 1 
1895.3 [57 57. 302.9 [1113.41.48 1170. 151. 92410226. 5 3 
201. 90. 7 62] 58. 3 21.2 [ 22114. 6041.7 82 171.052. 2 42[227.4| 82. 
3402, 8 ol. o 63] 59. 221.5 23 115. 6042. 1 830172. 0 62. 60 43 228.3] 83.1 
403. 801. 4 64 50. 127.9 24|116.5|42.4 84017219 [2.90 44229. 3] 33.4 
7. 7 65] 61 22.225112. 542.8 851173.8[53. 3 45 230.20 83. 
6g. oz. 1 66] 62.0 22.6 26| 118.4 43.11 86/174.8 [63.60 46231. 20 84.1 
706. 6 [02.4 67] 63. 22. 9 221119. 3 043.4 87/175. 7 4. 0 470232. 1 84. ; 
8. 502. 7 68 63.9 23.3 2820.3 43.8 880176. 7 164. 3 480233. 0 $4.8 
9008. 5 [o. 1 69 64.823. 6 29121. 244.1 89.177.646 49/234. 00 85. 2 
10 2424.2 65. 2023. 9 3922.2 44.5 90178. 5 [. off 50234. 9 $5.5 
11[ro. 3 [o. 8 71 66.7 24. 3 131123. 144.8191079. 5 [65. 30251023 5.9 85. 8 
112/11. 3 4.2 72 67.724. 6 32 124.045. 1 92 180.4 5 5. 7 520236. 8 $6.2 
1312.24.40 73] 8.25. 0 330125. 045. 5 930181. 456. 0 5312377 86.5 
1413. 2 04. 8] 74 69. 525. 3 34 125.9458 941182. 366. 30 54238. 86.9 
15e. 1 75] 70. 525. 7 35 126.946. 2 950/183. 2 [66.7 55239. 60 87.2 
16015. Ofes- 5 76 71.426. o 36 127.8 46. 5 96/184. 2 [57.0 56/240. 60 $7.6 
1716. O og. 8 77 72.426. 3 371 128.7 46.9 97/185. 1 67. 4 87241. 50 $7.5 
11816. 9 o. 2] 78] 73.3 26.7 38] 129.7 47. 2 980186. 167. 580242. 4 88. 2 
1917.9 6. 5 79] 74.227. 0 39 130.6 47. 5 99187. o 59243. 4 88.6 
2018. 8 [o6. 8 80 75. 227.4 40] 131.647. 9 200187. 9 60244. 3 $8.9 
211927. 2 81] 76. 127.741 132. 5 48. 2201 188.9 08. 72610245. 3 89. 3 
2220. fo. 5] 82 77. 1128. o 42 133.448. 6 02|189.8 [59. 162 246. 2 89. ö 
2321.6 [of. 9 83] 78.0 28.4 43] 134.4048. 9 03190. 8 631247. 1 $9.9 
1 24|22-6]08.2|| 84 78.9 28.7 44] 135.3 49.2|| 04[191.7 641248. 10 90. 
2523.5 08.6 85 79.9] 29.1 45136. 349. 6 05192. 6 65249. 0 90. 
2624.4 [08.9] $6] 80.829. 4 4613.2 49.9 06193. 6 66[2 50.0] 91.0 
27|25-4199-2|| 87] 81.8|29.8]] 45| 138.1 50. 307194. 5 67250. 9 91.3 
2826.3 09.60] 88 82. 7J 30. 1 48| 139.1 50. 6 08195. 5 680251. 8091.7 
291 27-3109+91] 89 83.6] 30. 4 49 140.0 51. 0 9196.4 690252. 8 92.0 
30 28. 210. 3 | go] 84.6 30. 8 500141. 051. 3 ro 197.3 7002 53. 7] 92.3 
3129.1. %% 91 85.531. 57 141.951.6271 198, 3 2710264. 7 92.7 
32] 309-1 110-91] 92 86. 5031.5 52 142.85. o 12 199.27 720255. 60 93-0 
3331.51.30 93] 87.4318 53143. 852. 3 13.200. 2022.8 730256. 5 93.4 
3431911. 6 94 88. 3 32.1 54144. 7 52,7 140201. 7425750 93.7 
35] 32*9[72-O]] 95] 89. 332.5 55145753. 0 15202. o 750258. 4] 94.1 
| 36] 33-8[12.3]] 96] 90. 232. 56146. 653. 4416203. o 76 1259.4 94.4 
37] 34-5112-7]] 97] 97. 233.2 $57] 147-$|53-7}] 151203.9 771-60. 30 94.7 
381 35-7[13-O1] 98] 92. 133. 5 58148. 554. 180204. 9 780261. 20 95.1 
391 39-8113-31] 99] 93-01 33.9 ] 59 149.454. 419/20 fl. 8 29262. 2 954 
401] 37-6113.7 10c| 94:91 34-2] 60150. 454. 7 200206. 77 800263. 1 95.8 
41038. 514.101 94.9] 34.5161 T5r. 3 55. 12210207. 2810264. 1 96.1 
142 39˙514·4/ 02] 95.8] 34.9 62152. 2 55.4 220208. 6 8226 5. o 96.4 
434,414.73] 96.8 35. 2 63153. 2 55.723209. 6 830265. 9 96.8 
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1310 95. 8 89. 3191 139. 7130. 2251 183.6 177.2 
320 96. 5| 90. 0 92 14. 4130. 9 32184. 3171.9 
ö 3397.30 90. 7 93141. 1137. 60 33185. 172. 5 
3498.0 91.4 94141. 132. 3 54185. 8173.2 
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; $1159. 2| 55- 2141103. 10 96. 201147. 0137. 1 261190. 9 178. 
2160. 055. 9 420103. 9 96. 8 0214. 7137-7 62191. 6178. 6 
6 43/104. ö 97.5 03148. 5138.4 63192. 3179. 
| 444105. 3] 98. 20 4149. 2139. 1 64193. 1| 180, 
| | 45/06. 98.9 05149. 939. 8 65|193.8 180. 
45/706. 80 99. 5 05158. 7 140. 5 66 |194. 5 181. 
ä | 47/107. Ho. 2 o7 151. 4141.2 67195. 3182. 1 
ö | 48/108. 2100. 9 08 152. 1141.8 68196. 182.7 
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3 3 Cape Laquillas: 
> Cantina ' 32 47 | 8 48 W Baſſas, or Baxas. 
„„ % lu awd 
JCape de Gee — 82 45 0 8 St. "Chriſtopher's... | 
ape Croix — 0 38 | 9 50 [Point Natal! 31 
Nun — 8 47 |11 5 [St. John's River 
Bejadore — 6 30 14 1 Bay ol Natal 
ape das Barbas — 22 5 1910 ver St. Lucia — g 0 
pe Blanco! / 20 47 jig 11 [C. Fumos —— 7 
enegk 5 50 [17.5 Igoa Bay, St. Mary's. = 
1 de Verd 14 42 17 Manica — 32 
{River Gambia Entrance. 13 28 6 5 C. Corientes 1 64 
Cape Rouge — 12 15 16 20 e. St, Schaſtinn, Var, 25%... 
* - de Sierra Leona Eatr. 1 22 fz 8 [W. — — 22 41 
JCape Mount — 38 9 34 Is Bazarutto — 55 : 
Cape Mezurado 1 12 9 3 Pofalla — 20.20 8 
AR. Sedos Entrance. | 5 30 7 42 R. Cuama — 118 14 3 1 
Cape Palmas — 4 28 5 58. Angoſha? or Angoxa — x 6; 30 38 40 5 
IR. St. Andrew Eutrancef 5 8 | 4 26 Mgfambique. — 15 3 40 53. 
Cape la Ho —_— 2 316 (St. Lazarus Bank . 3 41 20 
| three Points — 4. 47 153 c. Delgada — 0 10 41 12 
River Volia , —— 5 48 | 1.42. -||Quiloa — 8 40 39 53. 
Rod of Judzin the Gulph|  _ | _- _. ||Monfia Iſlands — 7 36 40 49. 
1 of Benin s 10 | 2 58 |[Zengibar INands* | — 55 40 10 
Road of Litile 4 n | + . {||Pemba Iflands ;, — 4 32 (40 45 
| the Gulch of Benin 6 16 316 Wc — 3 5% 41 28 
R. Formoſa, or Benin En. 6 38 4 52 [Melinda — 2 33 42 15 
Zenin Town — 7 42 5 28 [B. Formoſa. — 1 2 30% 30 
ape Formoſa 4 32 | 6 31 [R. Rouges — 2 N. A4 30. 
New Calabar River Eatr, 4 30 | 6 48 [R. Magadoxa — i 57 47 27. 
Old Calabar River Entr. 4 32 7 46 Des Baſſas 4 4 0 149 437 
R. Cameron Entrance 4" 4 10 rfyi % $5 62.10 
[ile Fernando Point 3 8 | 8 52 Guardafoy n—4 52 7 
Prince's Iſle 1 30 | 7 52 ani 28 
ee, e 7-29 hate. of eee 
ape St. Ihn — 1.11. [913 Entrance of the 'Red|. ©... 
River Gabon Entrance on 1 Sea TY 
the Equator — 0 O 9 10 Mocho 
Cape Lopas Gonſalvo 2508. 8 41 [C. Azab 
idle Annabona — 1 26 | 18 Js 8. bagar 
Cape St. Catherine — > 9 [90 3 ||C, Rat 8 
: 1. nnn. Iſlands Dahlae 
trance of Bay _ 7 3 15 |} 9 30. [|Suaken - — 
ie Town of Congo 8 11 30 [Macca ee. 
ape Ledo — 9 30 fr 20 [C. Noſe — 
Benguela — 12 8 10 4 C. Caoſir ap 
Cape Negro — 6 2 % 28 [Mount Sinai — 
Bay of Conception, or [Suez 
Qulph of St. Thomas 
F map "nes — 24 42 113 33 . or Fortauch 
ape Voltas — I ' 463 n c 
Bay St, Helena, or St. 5 . N. | Red Sea __— * 
Win „ 
WY; 
EE 


Cape M | $3 35 
ſeldoms P 20.0 91 45 
Entrance — 9 57 | 92 25 

G. Ormus n 

Gombaroon — 16 992 30 

I. Kiſhme — 1; 30 | 96 45 
ongo ; 11 15 1 96 10 

Is. Cayen r 

Is, Samake — 3 8 272 © 

ts. mag "530 _ 7 

Kadhema 8 — 2 12 9 

Baſſora, or Bara — 30 30 — 2 1; os 10 

Cape Bardiſtan | Point Romania — 1 17 104 26 

Mouth R, Euphrates G. of Siem — 9 30 os 0 

ape Patina — 7 I 00 30 

Cape Nabon ® lCham - 112 45 100 3 « 

Cape Jaſques Siam, or Judia — 14 35 \100 4 

Cape GCoadel c. Liam — 12 ᷣ 30 foo - 
ape Mohanzo Manſa 11: 20 101 30 

a Ponthimas - — 0 4 [100 35 1 

M. or Tatta Cambodia Point II 8 55 105 39 | 

Giant's Point [ | Ls 9 30 [107 13 

Dui Point — R. Cambodia's Mouth 1 — o 107% 8 

G. Gambaya 1 Cape St. 2 — 10 32 108 7 
urat nee Comorin y wi 50 line To 

Daman | — 6 [ Waſſen's Bay 12 15 f Ig þ 

Cape St. Inn — O © 2 30 [Cape Avarella — 3 1 r 10 | 

Bacain 2 19 32 72 o om 114 55 108 30 

Bombay —|i9 9 2 5 ſcape Touron — t 40 108 45 

Rajapore — 7 4 172 45 er | 16 35 [107 47 

Caimſer's Bank — 116 25 71 45 auin- — 20 47 107 o 

Coral Bank m—_— 6 0 |71 45 oint — 20 10 0 4 : 

Elizabeth Bank ——16 59 |72 5. — 423 7 r 

Burnt Iſlands — 54 722 229 58 2e 3 

5 —— 3! 17:45 {Hoa Neghan — 2 35 |r18 56 

Cape Rama — I 10 73 40 ff Ts. — 33 30 (120 © |; 

Carwave — 45 73 5 ngh: — 34 16 |[r08 50 

9 | — 5 5 ® \Pekin ' 22 $5 116 36 

Mount Dilly — . 5.75 © ||Straits of Bali, S. Entra. 8 39 114 45 | 
allicut — i 75 33 |. — NX. Entra. | 7 54 NY 

Cochin — 0 175 5 [Straits of Banca, W Ent. | 3 15 10 4 

Cape Comorin 2355 72.20 —, E. Ent. 3 © [103 43 

Manapar 8 30 78 12 Straits of Sunda, S. Entra 5 58 103 5 
ape Calminaaa — 0 15 79 45 [Straits of Malacca, N. W.“ 

Negapatnam 35 s 3 Entrance 6 ON} 94 5 

Pagodas — 111 16 80 Straits of Sincapore, or : 

Trank bor — 1 54 80 SE, Entrance of th | þ - | 

Fort St. David's — 1 57 | a Straits? t 10 104 17 

Pondicherry — 11 56 29 25 of Sai == 3 34 8/119 45 

Madraſs — 3 18 80 traits of nilla - —j13 45Nj120 30 

Paliakate — 18 30 129.55 arcellar Hill, Strait of | 

Dui Head J 70 18145} Malacca, Var. 1 30 W.] 3 15 {ior 2 

Maſulipatanam — 17 36 83 2 5:8 | 

Chicakol w—— I 30 84 7 The Tide flows N. N. E. and 8. 8. W. 

Ganjam ——|19 8 |85.32 L and the Flood runs E. 8. E. and ebbs 

Balaſore — 21 20 (| 28 W. N. W. | : 

b. Falmiras ——|:9 50 7 30 : bas 

pipley — kr 30 [5735 * 


2 _— 


! 3 i 1 e N : Lat. 
| z | * p. M. 
Hands in the Eaſt Indies. |\|Diego Garſcia — 7 42s ET 
I eee — 3555 l. Halabi 
2 : L | t. Brandon m— 0 45 | abgeleur 
1 Lats Long. Rod rique — 19 41 | Lakedi vas 
: D. M. D. M. Bourbon, St. Dennis —|20 52 
| {Dutch Bank — 8 Os. ] 33 40e Maurittus — 10 $, Part 
 JAmfterdam 38 30 | 74 © [Cocos Iſland — 112 20 
Ft. Paul 38 2 | 74 55 [Chriſtmas Iſle — 145 Maldevas 
| [New Holland S. Point 37 15 247 39 ||Naflaw — 3 9 Point de ( 
Leuwin's Land ditto . 135. © 1130 © Iſle Good Fortune ——| 2x 30 nfanapatr 
| [Cape York ditto — 11 1; [141 o Minta 10 26 | I. Part 
Sandy Cape Weſt Point 5 30 71 o Engona — & 20 tincoma 
eo e's Ca — 35 15 151 0 N. Part 8 65 ON End 
Tryal's s off ditto 19 o [105 2 ||Acham, or Acheen | | 5 20 V. End 
ape St, Mary J 25 24 45 12 Point Baſle S | 527 Cocos 
Star Bank 25 0 | 44 © ||Diamond Point 8 |5 7 
B. 8. Avguſtine „ = Bhs Bencoolen 1313458 reat An 
24 W. | 23 30 | 43 54 South Point yo OY Little An 
Cape St. Vincent, | « IR. Palambam I » or, Nice 
V. 22 26 W 3ſz1 30 43 53 [Banca S. Ed — 315 Kicovari 
| Terra delgada | lg 36 44 54 N. Weſt End — I 50 Nicobar 
7 ape St. Andrews 72 Prince's Ifles Straits off Puloway 
V. 21 50 W. {S|16 15 | 45 74 | Sundy , — $30 Pulo Pal 
pe St, Sebaſtian Jo 112 30 | 49 29 [Middle Iſle ditto ——| 5 57 Pulo Tim 
Cape de Ambra, or | S Java Head | 6 45 Pulo Arc 
Natal | z 15 | 50 9 Bantam Ditto a. 16 © | Anamba 
B. de Antongill 116. o | 49 28 Batavia | > | 6 12 Nituna 
Antavares 20 53 | 47 54 N. W. Point ; hn = Pulo Co. 
Matatanes 5 15 47 39 E. Point J 7 30 Banguay 
Cape Ramos 3 us 0 | 47 9 |\-ombok — 8 30 Pulo Sap 
Zallos d' India — 22 30 | 41 46 Cumbava 19 28 aragua 
Querim ho —12 22 40 50 Rotto | — 11 25 Negro. 
A Rock zt 45 42 O [Timor N. End — 9 — 
A Rock in — 21 28 Weſt Point — 1 30 . Point 
St. Chriſtophers—— 17 19. 42 30 Timorland, N. Point - | 9 anguel 
Engliſh Bank —— 117 56 | 39 3 [Neu Guinea — b. E. P 
(Ide of Fire — 17 20 | 32 T5 Cape Deliverance ditto {11 30 indan: 
VS.. Juan de Nova 17 5 41 29 [Cape of Good Hope ditto : 5. W. 
Eo IMayotta z 45 To Weſt Point ditto — ] 1 32 ape A 
; - [Mobilla - 112 15 43 0 New Britain, N. Point 1 30 |! d. Point 
Baſſas de Chagas 1 6 40 bs South Point . 55 | 
Joanna — 12 18 a4 50 Ceram Eaft Point ——| 3 56 
Cocos lands — 12 30 96 N. Point een be! 
Comors 11 30 | 44 3 Boero, or Burro  ——| 3 
Glorioſa _ . 4 | 48 36 [Providence Is. 2 o 
Apalioria — 9 59 80 Gilola S. Point 58 
Bank of Patrom ——| 5 3 62 45 N. Point I I 
de Gama 2 20 | 74 15 N. E. Point » I 
van de Nova ——| 9 53 | 51 O N. W. Point 4 
adro de Banhas — 5 39 50 45 W. Point IS | , 
St. Franciſco 2 21 | 53} O ||. W. Point 1314 
le Amarantes — 5 27 | 48 46 |S. Point | 9 | 5 
even Brothers n— 3 25 60 30 [s. E. Point 5 
ea Cows | z 36 | 50 46 [Macaſſar J 5 
'Three Brothers — 3 45 | 62 30 E. Point 4x 
aſcarenhas 2 55 | 56 55 [W. Point 2 to 
I. Seychelles H. W. 5 30] 4 37 | 55 38 N. Point 8 117 
Carpo Santo „ 30 | 56 44 |S. Point | - A 4 
Diego Rais 1 45 | 70 25 Balambangan — 1 7 
Padro Bonhos _ 6 42 | 66 30 Socrata E. Point — iz 50 N 
. 3 . | « W. Point 3 — 112 2 5 


Lat. } Long. 


„ Point 
| i „ 2 116 5oN|[ ze. Mindora 8. 
. — . A. 35 | 52 5 N. W. Point >. 
; —_ Is, N. Point 13 33 | 7o 3 ||Panay S. Point 
: =. 9 3 + 71 30 Point — | EA 
i . 3 74 30 N. Point - 2 3 45 120 20 
I” IS 30 74 © [Manilla Bay 8 4 30 120 20 
„ oadevas Limits 3 1 30 | 76 30 [N. Point 39 © 121 25 
; int de Gale 6 15 | 80 20 [C. Baxeadore ditto s 44 120 40 
- 5556 tnum 8 947 80 55 [Diamond Iſle =" - 114 48 }'Q2 15 
1＋ 4 =| 9 45 80 20 [Sonth Point SEI 45 [121 36- 
: Fr ala (318 32 | 8r 40 N. Point 8625 15 fT21 45 
5 1 N „ 2 7 30 | 82 15 [N. E. Point 525 15 122 15 
: 7. End J | 6 x5 | 80 20 [Man-han 23 30 121 15 
5 Ft - 14 39 | 92 10 Hainan 8. Point [ 18 22 {log 30 
g i [14 © N. E. Point : 19 55 lit 10 
g et Anda | 5 11 45 | 9? 0 [van Cheau E 5 — 118 50 110 45 
; | . 2 Parracles Is, S. Part IT 4 110 45 
6 apo pr FO = - 12 | am ee {HI I = 2 . 
« rag . — 8 3 | 93 45 Macao - — |:2 14 {113 50 
_— 7 22 | 92 45 ||Leykeyo N. Part © 128 o 128 10 
" 8 hs - |'5 55 | 95 2 8. Part - 25 30 |128 30 
lo Paſa - --|5 32 | 94 30 [|[Cummin. — 31 40 21 4 
: Palo Ti 3 2 45 104 30 Homdo S. Point 32 20 129 54 
n ry 1 co > a3 log o ||Nanagacqui 832 32 [130 2 P 
+ i - «3 58 tos 45 Dos Cavalhos 8.132 32 1129 53 
y N 8 * - '14 o tos 38 N. Part Cape Sugar 4 20 _ 2 
0 5 8 10 Cape Nebo % [JC6 1 
3 "mp "mg - 147 = 10% 35 3 Is. S. Ed 4: O 2 30 
— DN oath - - - [10 o [09 7 Parts, = - {11 20 [1679 © 
10 'S Point 8 12 717 50 [The Triangles N. Part 7 5 [112 4 
4 . Negre 8 'Poi : 9 1 Woody I, - - | x 46 106 10 
1 en. N eint 5 [ro hg 130 20 ws Elephant and Camel 9 2 [113 3 
N, Point a 9 40 [126 45 ||Andradas Rock - | 9 51 110 $0 
anguel Bay „7 55 1124 30 ||ViRtory I. - - | x 43 106 48 
ö. E. Point 86 40 127 30 [Pulo Runda = - 16 0 Js 30 
lindanas 2 : 124 Foul Ifland - - {118-6 [92 23 
2 . W. Point S6 45 |122 2 ||Macclesfield Shoal = 15 0 114 20 
40 ape Auguſtine 2 6 30 126 © ulo Pera - - 6 10 | 97 | 5 
10 5. Point : 5 45 122 45 Three Brothers Go 10 32 1108 4 
0 | | 85 | : 
* he Latitude and Longitudes of ſundry Places, collected from Captain 


+ COO E's laſt Voyage. — 
; b 10 1173 15 E{{St. Preobraſchuia 1s. 20 Nyjt75 10 
2 ee 4 — c 88 ba 30 8 5 — 00 E oy Mathew's I, ' - j6040NjÞÞ7730F 
5 0 E, Cape = $137 10 S|179 15 ESt. Andrean I. [64x 25 N 170 o 
þ 4) ook's Straits ditto N|4r3o Shi7s ESt. Samuel J. 462 6.0 173 owl 
) 30 .rvey's land * = = |19 18 S|158 S WISt. Lawrence I. JIs62 wy 178 30 wy 
in - - {1545 S|151 25WhSt. Diomedis © + [63 ol 170 oW] 
q 5 ve-heini — 16 41 80 sr 3 WISt. Tin J. 63 30 Nya o I 
5 55| MW urtle INand - - | 2 2Nſ|15z oW|[Tuſki Noſs Straits _ 3 | 
L 40 Uwhy-hie, where Capt Cook| WV twecn Aſia and America|65 oo "7 oY 
9 7 was killed - 22 NII69 10 Alaſhka Iſlands 54 45 79 4. 
$ 30] Pandwich Iſand 21 44 N[16zx Oo f 554 4 2 = | 
. Nicholas J. bse 45N[173 oW|{Hinchinbroke Sound 58 w_ 15 3 
7 20] WW almerſton I, - - [a8 5 S163 30W||Shumagin's Is, - 5 $7 42 NU ο oN 
00k” - 124 30 ;- 25 
5 p Port „ - - " N — I 4 _ 3 * 54 40 N[139 30 
4 un St. St. Pau 27 NI 58 30 arbour where i 
— — _ - ? N 180 5 El} Cook repaired - [49 oN{[126 ow 
eering's 18. — »- [54 57 N64 49 E | 
liver Andyr = - [64 30 N72 OE. 


0 8 ; | 
\lcutian Illands jon $3 oN[166 EN * 8 
wee dee 5 T ; Ricability ot ſailing to the 
Note, Captain Cook's Jaſt Voyage has fully determined the Impra g | 
|| Indies by the North of Europe, and that the Contigents of Afia and America are ſept» 
ted by a narrow Channel, | bog. 4 
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A Table of Meridional Parts. 


Mu. | 70d 714.) a. 73 d. 74 d. 75 d. 7b d.ſ77 d.j78 4.079 d. 80 d. 8 1 d. 82 hs 83 d.] M. 
$60 b HE. at — od 
© |5966\61406335/6534\6746|697&7210[7467|7745|g046 606] 0 
s | 6g| 49] 383] 38 49] 74] 14] 72] 49| 51 I 
2 | 72| 52] 47 41] $53] 78] 18] 76] 54| 56 2 
3] 75] 55| 45] 45] 57] 82] 22 35 59] 61 3 
4 | 78] 53] 48] 48] 60] 360 27 850 64 67 4 
5 | $3] 6x] 5x] 52 . 64] 900 31] goſ 69], 72 5 
6 | 84 64] 54 5s 63 94 35j 94] ©74| 77 6 
7 | 86] 67] 580 380 7x] 97] 39] 98] 78] 83 7 
8 | 8g] 70| 6x] 62] 75/700] 43/7503] B3j 88 8 
9 92/72. 64 22 os| 47] o7| 88] 93 Wt 2 
10 5995061775367 569 6782 009% 575127793 5099 10 
11 | 98] $o| 71] 72 86 13] 560 160 988104 11 
12 600 83] 74) 76 900 17] 500 2117803] og 12 
13 | 04| 56] 77] 79] 93J/ 21] 64] 25] 08] 15 I3 
14 | o7| 8g| 8o| B83] 97] 25| 68] 3o| 13] 20 14 
15 | 10] 92] 84 86 68010 29] 73] 35] 17 25 174 
16 | 13] 95] 37] 991 4 33] 77] 39] 220 37 16 
17 | 16] 98] 90] 93] 08) 37] 81] 44] 27] 36 17 
18 | 19|6204| 94 96 12| 41] 85] 48 32] 45 18 | 
19 |_ 22] 05|_97|6600] I5| 45] B89] 53] 32 42 19 | 
20 (602516208 64006603 68 19 7049 729475577842 8152 20 
21 280 171 03] 07 23] 52 98] 62] 47 58 21 
22 | 31] 14] 7 10 26 617302] 66] 52] 6; 22 | 
23| 24] 17] 10] 14] 30 600 06 71| 57| 68 23 
24 | 37] 20] 13] I7] 34] 64] 11] 76| 62| 74 24 
25 40 23] 17] 21] 38] 68] 15| 8o| 67] 79 7 25 
26 | 43] 26] 20] 24] 41] 72] 19] 85] 72| 85 25 
27 | 46] 300 23 28] 45] 760 23] 89} 77 go Sb 27 
28 | 49] 33] 27} 31 49] .80| 28] 94] 82] 96 44 28 
29 |_52|_36|_3o| 35} 53] $4|__32|_98| $7 8201]. 52] 29 
| 30 605 526 39.643 3663968 567088 73367603 78920820) 30 
31 580 42] 37] 42 2 92] 41] 8 97 12 31 
32 | 61] 450 40] 46] 64! 960 45| 127902 18 32 
| 33 | 64] 49] 43] 49] 68½ 100 49] 17] o7|* 23 33 
34 | 67] 52| 47] 53] 71] o4| 53] 22] 12| 29 34 
35 | 79] 55| 50] 56] 75/ o8| 58} 26] 17] 34 35 
36-| 73] 58] 53] 60 79 12] 62] 31| 22| 40 36 
37 | 76] 61] 57] 63] 83] 16] 66] 36] 27| 45 37 
38 | 79] 64| 60 67] 86] 20| 71] 4o| 32| 51 38 
39 |_ 821 681 63] 70} 2224025 45] 37]_56 39 | 
40 608 562714407 667446894 7128737976 50%942 8202 8614900 59445 9951} 40 
41 | 83] 74] 70] 77] 980 32] 84| 54] 48] 67] 200 12] 53} 594 
42 | 91] 77] 73] $1]6gor| 36] 88] 590 53] 73] 260 13] Gi] 69] 42 
43 | 94 80| 77] 8s| os 4o| 92] 64| 53] 79! 32] 25| 6g| 78 43 
+4 | 97] 83] 80} 88] og| 45| 97] 68] 63] 84) 38] 32| 77 87 44 
45 610 87, 83] .g2] 13} 4y[7491] 73] 68] 90 44] 39| 85| 9996 45 
46 | 03] 90 87] gs| 17 53] 06| 78] 73] 95 51] 46] 93] r0c05| 46 
47 | 06] 93 go] 99 20 57] To] 83] 7818301] 57 53095517 Icols| 47 
5 og| g96| 94/6702] 24 61] 14 87| 83] of 63] sc og| 10024 48 
49 |_| 99i 97 o 28 65] 19] 92 89] 12} (9 6% 1710033 49 
59 611 50530365006 1066932 71697423 76977994 82188676 9074/0525 10043 50 
5118] ob} o4| 12} 36 73/ 2717702] 99] 24, 82] 81] 3310062 51 
32] 21] Og| o7] 17] 40|- 77] 32] o6j80cq| 29; 88] $8] gi] icclil 52 
53 | 24| 12] 21] 20] 430 81] 36] 11] og] 351 95 g6|. 49 rco71) 53 
54 | 27] 15] 14] 24] 47 85| 41] 16] 14] 41 870119103 57| 1008- 54 | 
35 | 3<| 19 17] 280 51] 85 45] 21] 20] 47] 07 100 6510089 55 
„33 22] 21] 31} 55] 94] 49 25] 25 52| 14] 17 73] 1ccgg} 56 * 
57 | 36] 25| 24] 35] 59 98] 54 300 300 538] 20; 24] 81| 1c1:8 57 
88 40] 28] 28] 38/ 63 7202 580 35] 35]. 64] 26 431} $9] 10118] 58 
„ 43] 32] 37 * 6 15 63] 40 4/ 69] 33} 38 8 10125 59-1 
| ; ; | , 


A TABLE for finding the 


"TT Elapf. | Middle | © I Elapſ. | Middie | 
Ms.] Time.] Time, | Riſing. S, | Time. Time.] Rifng, 
o 2. 66121 z. 639829. 37654 CY 300. 8771714. 42386 2.94656 
I 2. 36018 z. 94883] 972608 8 oof 87015] 43088] 90057 
14302. 18409 z. 116940. 33073 © 30 86324] 43779] 97454 
2 oz. 5916 24187} 58066 oo] 85644] 44459] 98825 
2 [30[1. 96225 33873] 77448 30 84976] 45127] 3.0016, 
3 88307] 41796] 93284 oo] 84317] 45796] 01488 
3 $1613] 484901. 06673 39] 83669] 46434| 02792 
4 758144 54289] 18271 oo 83030] 47073] 04o77 
4 70700] 9403] 28502 39| 82400} 47703] 05342 
5 66125] 63978] 37653 oo] 81780] 48323} 06500 
5 I. 619863. 6$117|1. 45931 39 [o. 811694. 48934 | 3.07819 
6 58208] 71895| 53488 oo 80567] 49536] 09032 
6130] 54733] 75379] 60440 30] 79973] 50130] 10227 
7 51515] 78588] 66877 00] 79387] $0716} 11406 
7 48520] 81583} 72869 30] 78809] 51294] 12575 
48 45718] 84385] 78474 0 78239] 51864| 13718 
8130] 43086] $7017] 83739 39] 77677] $2426] 14850 
9 406051 89498] 88703 oof 77122] 52981] 15969 
9 338253] 91845] 93399 30] 76574] 53529] 27072 
T0 36032] 94071] 97854 oo] 76033] 54070] 18162 
1013911, 3391513. 961882. 02091 30 o. 7549904. 54604 3.19238 
12 31396] 98207 06131 ool 74972] $5131} 20301 
11 299674. 00136] 9999 r 30] 74451] $5652] 21351 
12 28120} 01983] 13687 oo] 73937] 56166] 22389 
12 26349] 3734] 17232 30] 73429] 56674] 23414) 
13 24647] 05456] 20638 oO] 72926 57176} 24427 
23010] 08093] 23915 39] 72430] 57673] 25428 
21432] 08671] 27073 00] 71940] 58163] 26418 
19910 10193 30120 30 714551 58648] 27396 
18440 11663 | 33063 oof 70976] 59127 28363 
1. 17018. 1308 5 z. 35910 300. 70 5034. 59600 3. 29320 
15642] 214461] 38667 oo] 70034] 60069] 30266 
14307] 15796] 41338 39] 69571] 60532 31202 
13013] 17090] 43930 oo] 69113] 60990] 32128 
11757} 18346] 46447 30] 68660] 61443] 339% 
10536] 19567] 48893 oo 68212] 61891] 33950 
09348] 20755] $1271 30] 67769] 62334] 34847 
08193] 21910 53586 0 67330] 62773] 35734 
07067] 23036 558341 30| . 66896] 63207 | 36613 
_05970|_24133|_ 58039 00 | _66406]_63637 |_3748: 
1. 04901 [4. 25202 |2, 60182 30 [o. 66041 [4. 64062 | 3. 38343 
03857] 26246| 62274 oo] 65620} 64483] 39195 
02838] 27265] 64316 30] 65204] 64899] 40039 
01843] 28260} 66312 oof 64791] 65312] 40375 
oo870| 29233] 63262 39] 64383] 65720] 41702 
o. 99918 30185 70170 oo] 63978] 661251 42523 
98988] 31115 72036 30] 6:578] 66525| 43334 
98077] 32026| 73863 oo} 63181] 66922| 44233 
97184| 32919] 75652 30] 62789] 67314| 44935 
963100 33793] 775095 oo} 62400] 675703] 4224 

o. 9545414. 346492. 79124 39|o. 6201414. 68089 3+ 46507 | 
94614] 35489) 80309 „% 61632] 68471] 47282, 

93791] 36313] 32461 20] 67254] 68849] 4#0c0 | 

« 92982] 371210 84033 oo] 6o879| 69224] 48811; 

92189] 37914] 85675 36 60;08] 69595| 49566 

91411] 38692] 87238 oof 60140] 69963] 50314 

90646} 39457] $8773 30 59775} 70328] 51056 

89894] 40209] 90282 oof 59414] 70689] 5179! 

891560 40947 91765 6 59056] 71247] 52530 

$8420) 41673] 93223 ool 58700! 71403 53243 


„ Tc c 


8 


LATITUDE by 


21 Altitudes. 


2 r 


o. 58 348 
57999 
57653 
57370 
56970 
56633 
56298 

35966 
55637 
558311 

0. 54987 
54666 
54347 
54031 
53718 
53406 
53097 
52791 
52487 
52186 

0. 51886 

51589 

51294 

51002 

$0711 

50423 

50137 

49852 

49570 


o. 49012 
48736 
48462 
48189 
47919 
47650 
47384 
47119 
495g 

46595 
0. $6335 
46078 
45822 
45567 
45315 
45064 
44815 
44507 


44077| 


0. 43834 
43592 
433<3 
43114 
42878 
42642 
42409 


42176 
41945 
41716 


497 g0| 


44321 


9 O 
Miadte | A 
Time. ; 

— — — 

4+ 7175513- 539591 [30 
72104] $54670[|31 
72450 $53751|3! 
72793] 56740032 
73133] 5676732 
73479] 57455033 
73895] 581371133 
74137] 5887140034 
74466] 59486034 
74792] 601520035 
4.751163. 6087335 
75437] 614691136 
75756] 62120036 
76072] 6276627 
763385] 63407037 
76697] 64043038 
77005] 64675 38 
77312] 653021139 
77616] 65924039 
779171 66542 40 
4+ 78217 3.67156 40 
78514| 677651141 
78809 68369041 
79101] 5896942 
79392] 6956642 
79680] 70158043 
79966] 70745043 
80251] 71329044 
86533] 71909044 
85813 724851|45 
4.810913. 7305745 
81367] 7362 5 46 
81641] 74189 46 
81914] 747547 
82184] 7530747 
$2453] 7586048 
$2719] 76409 48 
829844 7695549 
83247] 7749849 
83508] 78037 (50 
4. 8376813. 7857350 
84025] 79105\!|51 
342811 7963451 
$4535] 80159 [52 
$4738] 8068252 
35039] $12011|53 
$5288] 8171753 
85536] 82230054 
85782 8273954 
36026] 83240055 
4.862693. $3749] |55 
86511] 84250056 
86750 8474856 
86989] 852420 57 
87225] 3573457 
$7463] 86223058 
37694] 86709058 
87927 871921159 
$8158] 87672ʃ][59 
88387] 88150] [60 


30 
00 
30 
O0 
30 
OO 
30 
Oo 
30 
po 
30 
OO 
30 


00 
30 


00 


30 
OO 
30 
00 


3 
2 


30 
00 
30 
OO 
30 
oo 
30 
O0 
30 
00 


30 
OO 
30 
00 


OO 
30 


30 
OO 


30 
00 
30 
20 
30 
OO 
30 
00 
30 
00 


| 


39] 


©O- 


-3+ 97597 


| 


04526 


Riſing 


3. 88625 


89097 


89567 


90034] 


90498 
90960 
91420 
91876 
92331 
92782 
3.93232 
93679 
94123 
94566 
95005 


954434 


95878 
96311 


96742 
97170 


98021 
98443 
98862 
99280 
99696 
+» 00109 
0521 
00930 
01337 


4+ 01743 
02146 


. 02547] 


a 
03344 
03740 
04134 


04916 
328 
4 05690 


606074 


06457 
06838 
C7217 
97595 
07970 
08344 
©8716 
09087 
4- 09456 
09823 
10188" 
105 52 
10914 
11275 
11634 


11992 


12348 


12702 


Z Elapſ. Middle 

| Time. | Time. 

o. 41488 4.88615 
41261] 38842 
41036] 89067 
40812| 89291 
49590] 89513 
40368] 89734 
40149] 39954 
39930| 90173 
39713] 90390 

oof 39497] gobob 
o. 39282 |4. 90821 
39069 91034 
38856| 91247 
38646 91457 
38436 91667 
38227 91876 
38020| 92083 
37314| 92289 
37609] 92494 
00] 37405| 92698 
o. 37203 | 4+. 92900 
37001 93102 
36801] 9330. 
36602] 93501 
36493] 93700 
36206] 93897 
g6011| 94092 
35316| 94287 
35622) 94481 
235429 94673 
0. 35238 J. 94865 
35947| 9505 
34858] 95245 
34669 95434 
34482] 95621 
34295 95808 
341100 95993 
33925 961778 
33742 96361 
33559) 96544 
o. 33378| 4+ 96725[4 
33197] 96986 
330188 97085 
328390 97264 
32661} ⁴97442 
32485] 97618 
32309 97794 
321344 97969 
IN 98143 
31787 98316 
o. 316144 98489 
314434 98660 
31272] 98831 
31103] 99000 
30934] 99169 
30766 99337 
39599] 99504 
30433] 99670 
30263] 99835 
3010y] 5. co 


2 — 


— 


L142 


— 


? 
% 
„ * 


A TABLE for finding the 


1 # biapt. | Middle h © | + Elapſ. Middle 
Ms.] Ti me. | Time | Riſing, | MS.] Time. Time. Rifing. | 
Oo o. 29939 [5.00164 14. 13055 | 3013010. 21432 [5.08671 | 4. 31801 
29776 00327] 13406 31% 21309| 08794] 32079 
| 29614 | oog8g| 1375631030] 21187] 08916] 32355 
29453 oobgo 14104! 32. oo] 21066 09037] 32631 
29293 oo$10| 144513230 20945 09158] 32906 
29133 o0g70] 14797 33% 20824] 09279] 33180 
28974 1129 15140 33/300 20704 09399] 33452 
28816 287] 15483 34/00 20585] 0951 33724 
28659 01444] 158243430 20466 09637] 33995 
28502 | 01601] 16163 [35/00] 20348] 09755] 34265 
| o. 28346 f. 01757 [4 1650135 300. 20230 5.09873 4.345344 
258191 01912] 16838 36% 20113] 99990 34802 
28037 oz066| 1777303630 19996] 10107 35069 
27884] 02219 1750 37% 198800 10223] 35335} 
27731 02372] 12839 37/30 19764 10339] 35600 
27579 25240 181713800 19648 10454] 35865 
27428 o2675| 18 80038030 19534 10569] 36128 
27277 | oz826| 188293900 194200 10683] 36391 
27127 o2976| 191863930] 19306| 10797] 36652 
26978| 03125] 19482 4/0 19193] 10910 36913 
o. 26830 f. 0327304. 19806 40 300. 190805. 11023 4+ 37173 
26682 | 03421] 20129 [41% 18968] 11135] 37432 
2b 535 03563] 20451 [41/300 18857] 11246] 37690 
oo 26389 | 03714] 20771 4200 18746| 11357] 37948 
30 26244 03859] 2109142 30 18635 11463] 38204 
6099] 04904] 21459 43 18525 11578] 38460 
30 25955 04.148] 217251|43|30] 18415 11688 38714 
25811| 04292| 22041 44% % 18306} 11797] 35968 
30 25668 | 04435} 223550443] 18197] 17906] 39241 
00! 25526] 4577] 226681| 45100 18089 I2014| 39473 
0+ 25385 [5, 04718'4. 22980 4530 o. 17981]|5+ 12122| ++ 39724 
: 25244] 04859 232900 45/00] 17874] 122291 39975 
1630 25104 04999] 235994630 17767] 12336] 42225 
1710 24964] 05139] 23907|}|47]00] 17660 72443] 1474 
17 30 24825 05278] 24214||47|30| 17554] 12549} 40722 
18/00 24687] 05416] 2452048 [C 17449] 12654 40969 
138: 30] 34550] 05553] 248250 48030 17344) 12759] 43215 
39] 00 24413] 05690] 251280 49joo| 17239 12864 | 47461 
19300 24277 05326] 25430[|49[30] 17135] 12968 41706 
20; 00| 24141 25062 25221] 5ojoo| A1 170310 1322 41950 
200 300. 24006 |5. £6097 [4. 20031 50300. 16928|5- 13174 | 4: 43193 | 
2100 23871] 06232] 26330[| 5r{oo| 16826| 13277| 42435 
, [21]30] 23738] 06365] 265280 510300 16724] 13379] 42677 
22 00 23605 | 06498] 26924 5200 16622| 13481] 42918| 
22030 23472 | 06631] 272200 52 30 16520| 13583 43158 
23]00| 23340| 06763| 27514 53100| 16419 13684] 43395 
23130] 23209 6894] 27807 | 53430 16319] 13784 43636 
2400] 23078] 07025] 28099 54ſoo| 16219 13884| 43874 
2430] 22948] 155] 2839105430] 16119] 13984] 44111 
25:00] 22810] 07284] 2868155] 160200 14083 44384 
25 30 [o. 22690 [5.07413[4. 2896955 30 o. 1592105, 14182 | 4+ 44583 
26% 22561] 07542] 29257]; 56% 15823] 14280 44818 
26030 22433 7570 29544] 56030] 15725] 14378] 45052 
27% 22306 07797] 2983057 % 15627 14476] 45286 
27130] 22180] 07923 30115 5730] 15530] 14573] 45518 
2800 22054 | o8049] 30398] 58]00| 15434] 14669 45750 
28 30 21928| 08175] 306810 58/300 15338] 14765 45981 
29 00 21803] c8300| 30963] 5900 152420 148610 40212 
29] 30] 21679 F434; 31244|i 59|30|. 151460 14957 221 
eee 


RE ee ad ets an 
b * £ 


LAT LTUDE by. Two Aldtades. 


— 
. 


2 0 * R 8. 
| Elapſ.] Middle 2 Elapi.] Middle 5 
Time. Time, | Rifing. 8. Time, | Time. | Rifing. 
o. 149575. 15146 4. 46899 30 | 30 o. 09981 [5.20122 4. 59436 
143863] 15247] 47127/03100 9| 20194 | $9627 
14769] 15334] 47354131130] 09837] 20266| 59818 
14676] 15427] 47580;|32}oo| og766] 20338 | 60008 
14583] 15520] 47806 32 30] 99694] 20409 60198 
14490] 15013] 4803103300 99623] 20480 604338; 
14398] 15705 4582550330300 9552 20551 577 
14306] 15797] 48479 34/0 09482 20621 60765 
| 14215 _— 48702 34| 30 09412| 20691 60952 
14124 15979 4892435 [22342 20260 617139 
o. 14034 5.76069 4- 491451] 35] 300. 0927305. 20830 4. 61326 
13944] 16159 49366 36 09204| 20899 61513 
13854] 16249 49586036 30] 9135] 20268 61698 
13765 16338] 4980637 % 609067] 21036] 61883 
13676] 16427] 5002 5 3730] 08999] 21104] 62068 
13587] 16516 5024338 O0 08931] 21172| 622 52 
13499 16504] 50460 38 30 3864] 21239 62436 
13411] 16692] 50677 390% 08797] 21306 62619 
133244 16779] 508933930], 8730 21373 62802 
13237 16866] 51109 40e 08664] 21439 62984 
o. 131505. 169534. 51324] 40 30 0. os 5975. 21505 [4.63166 
13064] 17039] $1539}|4x|00| O8531| 21571| 63347 
12971] 17125 51753041630] 08466| 21637| 63528 
12893] 17210| 519664200 o8gor| 27702 63708 
128080 17295 5217804230] 08336] 21767 653888 
12723 17380] 52390043] 08271] 21832 64067 
126338] 17465 $526011j43]30| 08207] 21896 64246 
I2554| 17549] $28121144|00| 68143] 21960| 64425 
30 12474| 17633] 5302204430 809 22025| 64603 
oo | 12487 17716] 53231 |45 o0| 08015 22088 — 4289 
30 [o. 123055. 17799] 4+ 53440 45 300. 7952 f. 221 51 4.64957 
oo] 12222 17881] 536484600] 7889] 22214 651 
30 12140] 17963] 3385646 30 7827 22276 6531 
oo 12058] 18045] 5406347 % 97765 22338 65486 
30 11977] 18126] 54269/4730 07703} 22400 65661 
oo] 11896] 18207] 5447548] 97641] 22462 65806 
39] 11815] 18288 54680048 30] 07579 22524 66010 
o0| 11734] 18369] 5488549 00 07518] 22585 6618 
30 17654] 18449] 3506949 30 07457] 22646 66357 
[% 07397| 22707|_ 66539 
30 8.11495 18608 4. 5549650 300. 073375. 5.22756 4. 66702 
oo 11416 5 18687 2 55698||[51100| 07277] 22826| 6687 
30| 11337] 18766 35900 [5130 o7217] 22386| 67046 
oo| 11259| 18844] g6101||52j00| o7158] 22945; 67217 
30| 11181] 18922| $56301||52|[30| 07099] 23004 | 67388 
00 | 11104} 18999 56501053 [O % oJago| 23062| 67558 
30| 11027] 19076] 56701005330] 06981] 23123| 67728 
ooo 10950 19153] 56900 54% %%6 06923] 23180| 67897 
30 10873|+ 19230 57098; 154 30] 06865] 23238 68 
90 10292 19306] 5729655 oo} 00808 23295 68235 
30 o. 107215. 193824. 5749455 30 5.507 57 5.23352 4. 68403 
oo 10645] 19458 57690 56 [00] 06694] 23400 63571 
39] 20570] 19533] 57886 f6 30 ' 06637] 23466] 68738 
oo 10495] 19608] 58082 [57 ſoo] 06580] 23523 63905 
30 10421] 19682] 38277 5 30 06524] 23579 69071 
co| 10347] 19256] 58471 58 [0% 606468 23635 69237 
30] 10273] 19830] 38665 5830 06412] 23691] 69403 
o 10199] 19904] $8859 590 063 7] 23746 69368 
30] 10126] 19977] 59052 59 30 o6302] 23801] 69733 
0 10053] 10050] 59244 [8 o c6247] 23856] 69897 


" "A TABLE for finding the | 
| . 


TT TE Ear. Middle TE Elapt: | Tiddle |" 
Tas: Tire Time, | Rifng. 51s. Fine., Time, | Ri 


oo 30 fo. 06192 5. 239114. 70001 30 30 [o. 03399 | 5, 26704 
oxfoo} 6138 23965 70224310 03360 26743 
i300 6084] 24019 70387 [310 30] 033210 26782 
oz foo 6030] 24073 7055032 0 03283 26820 
oz zo] 5977] 24126] 70712032 30 o 4 268 58 
04400] 05924] 24179 7087433100 03207 26396 
jo3t3o| 05873] 24232 710363330 63170 26934 
S 04100} 5818] 24285 7119711 34j00| 03132 26971 
o4f 30} 05766] 24337 71352 [3430 03095| 27008 

05]00| o5714| 24389 71518 35]00] 03058} 22045. 
05 30 o. 05662 5. 24441 4+ 736781135 30 [o. 030215. 270824. 
oo o5610| 24493 71837 ][36 0 02985 27118 
0630 ©5559}. 24544] 7199636 30 02949 27154 
o7j00} 05508 24595 721551137]0o] 02913 27190 
| 24046| 723131137|30| 02877| 27226 
08j00] 05406] 24697 72471002800 o2841| 27262 
30 | 24747 726281|38 30 02806] 27297 
oo 05306} 24797| 7278603900 02771] 27332 
24847 729421139; 30 02736| 27367 
ooo] 5207 24897 73098 40 oo 02701 27402 
104 30 fo. o51 5805. 24945 4. 7325440 30 o. o2 567 5.27436 
-$:2j00] Ogtog| 24994 73470041000 02633] 27470 
1130 05050 25043] 73565047 30 02599] 27504| 
120% ogorzF 25091 7372042 0 02565 538 
1230 04964] 25139] 7387442030 02532 27571 
13400 04926] 25187 740284300 02499 27504 
2330 04868] 252350 7418243 30 02466] 27637 
140 4821] 25282] 74335 [AAo] 02433 27670 
17430] 4774] 25329] 74488 44/30] o2400| 27703 
115 04727 25376] 746411[45;00] 02368 27735 


15 3010. o4680 5. 2542314. 747931145] 30 P. 0233615. 27767 
6c 94689 25469] 749454 85 702324 27799 
11630] 045 25515] 7509646 36] 2272 27831 
7% O4542F 25561] 7524747 oo] 02241 27862 
2230 04496] 25607] 753981147] 30] 02210] 27893 

1 | G44 51 25652 7554948 o 02179 27924 
1330 04496] 25697} 7569948 30 2148 27955 
of 04361] 25742} 7584849 00| 02118 27985 
19 30 043216} 25787] 7599749 30 o2088 28015 
$20j99| 04272] 25831] 76146 50 00| o2058] 28045 $4466; 


20 30 . 422815, 258754. 7629550 30 [o. o2028 5. 280754. 84595 

210 04184] 25919 76443 [51 oo 01998 28105 84724 
2130 4141] 25952 76591051 30] 01969] 28234h $4853 
22} 00 ; 04098} 2605] 76738 52 09 01940] 281631 84981 
2230 4055] 26043] 76885 52 30} 01971] 28192] 85109 
23400 04022 26091] 770320530 00 or882| 28221] 855236 
423130} ©3969} 26134] 77197053 30] 01854] 28249] 35363 
N 24/0 03927} 26176] 77325 54, 00 01826] 28277| 85490] 

2430] 3885 26218] 774711;54; 30] 01798] 28305| 85617 
250. 03843] 2626 2761655 o or770] 28333] 85744 


— — a — 1 
25 30 fo. oz 8015. 2630204. 777610 55, 300. 01743 5. 283604. $5870 
2600 03760] 26343] 77906 56 ov| 1716] 28387] 85996 
26130] 03739} 26384| 78050 56 30] 1639] 28414| 86121 
27j00| 03678] 26425 78194 57 oo or662| 28441] $6246 
127 30] 03638} 26466 78338 57 30] 1635 28468] 86371 
i I $ 28100} ©3597] 26506| 78481]'58| oo| 01609] 28494] 86496 
2830 03557] 26546| 78624 58 30] 'o1583] 28520] $6621 
29 0 03517] 26586] 78767 59 oo 1557 28546] $6745 
29 301 03478 26626] 78909] 59] 30] c1331| 28572 $6865] 

| 034280 266651 79051] 6olool. oro 28593] $6993] 


I . 


LATITUDE by 


Two Altitudes. 
N 1 VEG + Blapf. 
o. — 28623| 4. a $7116 286.5257 | 
01455] 28648 87239 00349 
01430 28673] 37362 00337 
| o1405| 28698 87484 00325 
501381] 28722 87606 00313 
01357] 28746] 87728 00302 
501333 28770] 87850 00291 
01309] 23794] 87971 00280 
01236| 28817 88092 ©0269 
01263| 28840 $8213 oo 59 
o. 0124056. 288634. 88334 . 002 
01217 1 28886 38454 5 TT 
61194] 28909 88574 00229 
51172] 28931] $8694 219 
011500 28953] 33814 00209 
| 01128] 28975| 88933 00200 
61106] 28997] 389052 00191 
o1084 290191 89171 00182 
01063] 29040] 389289 00174 
o 1042] 29061 89407 00166 
o. 10215. 29082 4. 89525 o. 00157 | 5+ 29945 | 4. 96143 
o1coo| 29103 389643 00150] 299531 96246 
00980} 29123 39760 00142) 29961] 96349 
00960] 29143 | 89877 00134 29969| 96452 
00940] 29163] 89994 00127] 29976] 96554 
00920| 29183 90111 oo01 20] 29983] 96656 
00900] 29203 90227 01134 29990 96758 
oo881]0 29222] 90343 0106] 29997 96860 
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2. + 17.394 2. 11428[2, 11401 2. 114942. 11528 2, 11561|2. 11594(2. 1166102. 11061 
147600 11793 0 118-9} 11893} 11926 11959] 11991 
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12418] 12450 125100 12548] 125810 12613] 12646 
12743] 12775 88 12840] 12872] 12904 1229360 12969 
130065 13098 17750 13162] 13194] 132260 132580 13290 
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158660 1589 2 15957 15987] 16er 16847 16077 
16167 16197] - 5 — 162 56 16286 16316 16346 16376 
16465 1649 os T6554] 16584} 16613] 16643| 16673 
10751] 26791 168500 216879] x6909f 169380 26967 
, "7 #90KS 17085| r 171430 17173] 17202}. 17231] 17200 
17348 172770 17406 124350 17464 12423. 222 12 
2.17082, 1766712. 1709602. 1772502. 177540. 177820 z. 17811. 1780. 
179260 17955] 17984] 18013] 18041] 180% 18299] 18127 
182130 18240 28270 _ 18327| 18355 18384 18412] 15 
18497] 185260 18554| 185830 18611 18630 18567 186960 187 
18786] 18808] 18837 18865 18893] 18921] 18949 18977] 1905 
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' 24055} 240800 . 24105} 24130 24155 24179] 24204] 24229] 24254 
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3+ | 99520] g9998 00002} 00489] 26 
35 8.00% 99998 00002 11.992210 25 
36 | onop2| 99958 | 00002} 5 go 24 
37 | o3192| 99997 00003} 8880 23 
3s | 24359] 99997 90003 55650 22 
39 |. 05478. 99997 | | . ©ncog 522] 22 
| _bg78} 99907 . oceoy $442] 20, 
41 | 3.07650 | 9.99997 10. 05003 11.9435 19. 
4% | * omg] . "99907 00003] 913%] 18 

59299927 00903 28117 
44 | 10717 9996 00004 233] 16. 
$5 | 1693 99996 00904 £307 | 15 
a |: 2507], Tops! oo 87356] 14 
47 | 73581 99996 ©0004. 1 131 
1144956] 99996 09204] 53 32 | 
49] 275491] 99996 o 17 
2 29995 | _76273 —_ os}. 83732] 1o | 
$1 8. 17128 9.99995 8 12.00505| 11, $3872 _ 
32 | 17971| 99995 09005] 820290 8 | 
$3 | 18598 99995 00005 81208] 7. 
54 | 19610] 99995 00005] 80390] 6 

| 55 | 20407 9994 0 79593] 5 
56 21189 9994 00906 7H 1}. 46 
37 | 21958] 99994 ooo] 78423 
58 | 22713] 99994 00906 | 97206] 2 
91 23456] 99994 | ooo 765440 1 
== | 24186 | 99993] 24192] 75808] oe 758144 „0 

Co-fine, Sine. Co- ſecant! Secant. N 


A. Table of Artificial Sines, 


Tang. and Sec. f 


{M.] Sine, 1 "Co ine Tangent Co-tang. _Secanr., i; Co-fecancy | 
7 [5.24385 9.99993 |8. 24192 [11. 75808 | 10.00007 11.7514 | oo 
-T-| 24903] 99993] #4910] '" 75090 | oooo7|, 75097 | 59 

2 | 25609| g9993| _25616| 74383} 0007 74391 88 
3 263044 99983] 26311 73688  00007| 73696 57 
14 26988, - 99992 | 26996 | 73004 21 73012 56 
'5 27561 99992] 27869 72331 8 72339 55 

5 [23324] 99992 238332 71668 | ocoos 71676 54 
7 28977] 9999p| 28986 | 71014 | ooo08| . 71023 53 
8 29621] 99991 29629 70371 | ooo98| 70379 62 

2 2 | 69737 2222 2245 | 51 

10 (8. 3579 9.999971 8. 30888 17. 11.691712 10. 00009 | 11,6721 55 
11 31495] 99991 31505 68238 00009] 638505 40 

112 | 32103] 99990] 32112 6788 oo 67897 48 
13 32702] 99990] 32711] 67289] 0% 67298 47 
14 33292 99990] 33302 66697 g0010| 66708 46 
15 33875 99999 33886 66114 | o0010| 656125 45 
16 | 34459| 99989] 3446t| 65539 | ooo 65550 | 44 
17 |. 35913] g9989| 35029| 64971 | 00011] - 64982 43 

4 18 35578 99989 35589 64410 000111 - 64422 42 

22 | 36131| 22282 36143 63857 | ooo 63868 . 
20 8. 36678 | 9.99988 |8. 36689 | 11. 63310 x0. 00012 11. 63322 40 
21] 37217 99988 37229 62771] 00012] 627863 39 

22 | 3775 99988] 37762 62238 | 0012] 62250 | 38 

23 38276 99587] 33239 61711 o0013 6172437 

| 24 38796] 99987] 33809 61191 00013] 6120436 
25 | 39310] 99987 39323 60677 00013 Go6go | 35 
26 | 39818] 99986] 39837 60168 | 00014 6018234 
27 | 40320 qgg86| 40334 | 59666 | ooorg $9680 | 33 
28. | 4o816] 99936] go8B3o| g9r170| 00014 $9184 | 32 

129 | 41307} 99985 - 41321 — 53679 o00I5 53693 EN 

30 8.417929. 999858 8.41507 11 58193 10. 00015 | 11. 58208 | 30 

31 | 42272] 99985] 42287 57713 voors| $7728 | 29 

} 32 42746] 999841 42762 57238 0001 $7254 } 28 

33 |. 43216] 99984| 43231] 56768 00016 56784 | 27 

1 34 | 43%80| 99984| 43696| 36304] 0016 $6320 | 26 

| 35 | 44:39] 99983] 44156| $5344} 0007 55861 | 25 

1 36 | 44594] 99983] 44611] 55389| 00017 35406 24 
37 '| 45244} 99983] 45061] 54939] oooi7| 54956 | 23 

{ 33 | 454389] 99982] 45507] 54493 | 0018 $4510 | 22 

1.39. |__45939| 99982] 45948] 54552} ooois 54070 | 21_ 

| 42 [8.46366] 9. 99982 8.46385 ff. 53615 10. 00018 | 11. 53633 | 20 
4x | 46798] 99981] q68i7] 53183 ooorg| - 53201 [19 
42] 47226] 99981] 47245] 52755 | 60019] 52774 | 8 
43 ||, 47650] 99980] ' 47669 52331] 00019 52350 17 
44 |. 48069] 99980 48089 51911 00020 51931 | 16 
45 ] 48485| 999% | 48505 51495 coco 8151515 
45 | 43896] 99979] 48977] g1083| ooo $1104 | 14 
47 | 49394] 99979] 49325| gob7s| ocoz 50696 13 

| 43 | 49708] 99979] 49729] 30271] ci 30292 13 

1.42 |. :39708 99976] 50130 — 00022 2892 I. 

5,8. 505049. 999788. 59527 [11-4 $ 49473 10, C0022 | 11. 49495 10 

51 5897 g9977} 50920 | 4yolol ooozg| 49103] 9 

52 | 512837] 99977] $1310| . 48690] onozg| 487913] 8 
53 | 51673] 99976} 51696 | 48304| 000023 48328| 7 
54 | 52055| 99976 $2079 e 6 
55 | $2434] 99976} 32459 47541 00024| 47566] 5 | 
'56 |. $2810] 99975| 32835 46656 ooozs| 4277 4 
57 | $3133] 99975] 33208 46792 ooozs| 46817| 3 
58 | $3552 99974] $3578 46422 © ©0026 46448 | 2 
39 | 53219] 99974| $3945| 46055] oo0o0zs 46081 | 1 
60 8: 90973] 54308 4562 2 |S 45718 [.. 
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Table of. Artificial * Tan „and Sec. 2 Degrees. 
; | Sine. * "Co-fine, | Tangent] Co-tang. [ Secant. | Go 


— —— — ooo} * = 
"| 3: 54232] 9. 99973] 8-54399| 11, 45692 | 10.00026 | 11.45718]. 6o | 
| $4642| 99973] 54669 45331 | 00027] 
| 54999| 35973] 55927}. 44973. 000274 4580 58 
55354] 999724 35382] 44618] - 00028] 44646] 57 
$5705| 99972] $5734|- 44266] oooas8| 44295 56 
| 56054 99971 56083]. 43917 | , oo 439460 55 
56400 99972] 56429]: 43572} ooozg| 43600| 54 | 
55743 99979] 56773]. 43227 | ooo 43257| 53 | 
$7084 | 99970] 57114] 42336 | 00030,| | 42916| 52 
r Bagh} 02030) | gegrol SH. |. 
[8.57757] 9. 99969| 8: 57788] II, 42212 | 10 00031 11. 422434 50 
58089 99968 58121 41379 0031] 41971] 49 
38419 99968] 58453] 441549“ 484 
58747 99967 38779 412217} 00032] 412f30 47 
4 39072] 99967 59106] 40895 oco33] 40927] 46 
59395 99966 59428] 40572] 00033] gobos| 45 
$9715] 99966 $9749 | 40251 | 00034] 40285 44 
60033 | 99965 6o0bBl 29932 0034 39967 43 
$0349 99965| 60384). 439616] ooozs| © 39651] 42 
50562] 99964] 60698 * 00035 39338] 41 
7 3. 60973 | 9. 99964 | 3. 5100911. Ti. 38991 91 10. 00036 | 11. 39027| 40 
61282] 99963 613191 3858117 38718 39 
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3. 639699. 99959 8. 3. 64009 11. 35991 | 10, 00041 2, 36032 30 
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65110 99956| 65154] 34846 00044| 24390 26 
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A Table of Artificial Sines, Tang. and Sec. 


— 


N. Sine. - 
1. — - — . — ; Co: Co-ravg. | Secant, To- fecgüur =J 
|. © |8.94030 [9. 8555 8.94195 71.5585 16-0768 176587 58 
% 59833] , ogito e 53h = 
| 9832| 94485 O5515 * 6 13 I þ 
3 | 94451 | 99837 | 444 043701 :: : f 95683 | 55 
V 
. 5 94746 | 99329 | 94917 | 05083 0 8227 56 
| 94387 | go828| 33556 ogggo| 0172 . 2 
5 95029 99327 95202 04798 00173 | 1 - 1 
8 | 95770} 99825 953 1 56 GR | 20000 33 
_9 | 2231 28 04514) <6175 | * 5 
20 8.934509. 998238. 95627 12. 04 | 7 e ee — 
5 oth 2 373 10. 017 SOR 0 | 
95590 | 99822 95767 = 60178 1 
12 | 95728} 99821 95907 E 0-441 $8 
273 | 95867] 99820 g6047 | 03 phe 58 4 . 94 4 
14 9605 99819 36187 03883 6 00181 5 88 2 | 
v5 | 96x43} 99817 96325 03675} 600153 14 
1666280 99316 964644 © 1 n 
1 | 464 | 300g 001844 0 
N th | 99215 705 o 03398} oor8s| 13; + 
to 5 | $9814] 96739] o3zbt| does 03447| 
= 858 —— . . a. 
. 8 25 E 9.99872 3. 9701311. X 
Set! |. 96960 99810 95 31 *5 boy he * 9 1 
SF. -þ+- 97095 | 99809 972 5 | 027144 | 0c 911 —? 
23 99229} 9988 97421 02579 800 8 
14 | 97353] 99807 97556 02444 | dvr} et 
25 | 97496] g9806| g7bgr| 84860 94 Þ-- , 
26 | 97629} 99804 g78:5| o2175 £2-\=4 ©-Þ 
| 20 | 97762| 99803] 22959] o2041 4 
| 97894 99802 98002 orgos 8 445 5 
29 238026 92881 28225 01775 J 3 4 5 
30 9.98787 | g. 99800 8.98358 11. 16 10. | — 
1 7 þ 99798 934900 334 eee | 25 9282 — 
In 99797 e, eee eee 01887 2 
is. | 799 | 98753 012474 00264] © 1 | 
| 3498679 99795| 98884 on 2 
„ a 5 5 ee e eie | 55 
3 | 3586 m_ 99145 ooBg5| | 00208 | 0x66; 4 
9566 9979] 99275} 99 785 o 9˙ 00934 23 
3899194 59790 9940 | 1 8 
2 99322 | 99788 99788 99534 2985 8 — 22 £5 ih 
"JEM 7.95 5: 99787 | 8.9966 11. oo 71. 60378 10. 002 , Ot 2 
e 
99785 99919 oo081] 00215 8. 4 | 18 | 
99783 | 46 10.999844 oco216| oorgo | 1 
99782 00174| 99826 0218 — 16 
99787| 00301 99699] da 1910 18 "yg 
99780 | 00427 | 99573] | 00220 —_— 
on 00533 939447] | 00222 99783 by 
* 7 79 21 
. 
9.997749. 99930 | 10. 9900 10. 0025 10. 992 6 10 
99773 01055 98945 00227 39272 
99772 o 179 98821] 00223 7 5 | 5 
99771 1303 98697 00229 4 28 | 
99769 o1427 573 00231 0388 6 
99768 | 1550 9 450] 6272 23632 | 
99767} 02673 98327 00233 98 60 4 
| 99765 | o1706 982044 00234 534 . | 
99764 | 01918 98082 00236 33773 : 
59 99763 02040 | 97960] ooz * Rs 
| = 96761 | 02162 97838 | 8 3 5 
— = i = . ; Fs 9 — — — 
| ; — Sine. Co- tang. | Tang. [Co- ſecant. Secant. N. 


3 * 


A Table of Artificial — Tang: and Sec. 6 Dez 


Co-fine, 


M. Sine. Tangent| Co tang. , Co- — — | 
* 9.01923 5.55787 9.02162 10. 97838 | 10. 5.55255 10. 98076 60 
| x | 02043] 99760] 02283 9777 | ooago 97956 | $9 
263163 39759] | 02404] 97596 | oozgr| 37837 58 
3 | 2283 '"99757| ' 02525] 97475 | 00243] 97717; 57 
'4 | 02402| 99756 ondgs] 97354 | 8244] 97598; 56 
8 02520 | 39738 02765] 3724] ocongs 97430 | 55 
| 639| 99753] 02885} 37215] 03247 | 97361 | 54 
'7 | ©2757] 99752] 03005] goggs | 63248] 97243| $3 
s | o2874| 59731] 03124] g6876 | 0249 37126 52 
3 02992, 99749] 903242] 96757 00251 97008 | 5T 
10 | 9.03109 [9:99748 | 9. 03361 10. 98949, 10. 00252 10. 96891 50 
1103226 89747 03479] 963221 o0253| 96774 4 
1233342 99745| 03597 94 255 9566 58 
13 3458 99744] 03714 00256 96542 47 
14 33574] 99742] 03832 36768 00257 96426 46 
15 | 03690| '9974x| 63948] 96057 00359 9630 45. 
I 03805 || 99740| ogobs| g6935| oozbo| gbigs| aq | 
17 | 03920|| 99738] oqrdi] 33819] 8262 8608 4 
18 | 04034| 99737| 4297] 95703| ooz63| 93966 42 
9 | _©4349\ _99735| _©4413|__ 95587 88284 95851} qr | 
20 | 9-0426219. 99734 | 9. 04328[10. 95472 | 10. 0026610. 95737 | 40 
21 84376 99733] 04 4] 95357 |. 00267 |  95624| 39. 
22 | 04489], 99731 O4 95242 | 00269 | g5510| 3 
23 | 04603] 99730] 04873] 95127 00270] 95397] 37. 
1* 24 | ©4715| 99723] 04987] 95013] ooz7s| g5285f| 36 
| 25 04828 99727 585101 94899 00273 95172] 35 
26 [04940] 99726| o5214| 9g4786| 00274] g506o| 34 
27 | O5052| 99724) 05328] 94672] *' 00276] 94948 33 
28 | 5164] 99723] 05441] 94559| c0z77| 94836 32 | 
_29 | _25275| _99721| O5553] 94447 |___ 00279-94725] 31 
30 9. 0538619. 99720 | 9. 0566610. 94334 | 10. ooa80 TRI 39. | 
31 | 05497] 99718 05778] 94222] 03281] 94503] 29 | 
32 | ©5607| 99712] 5890 94710 02834 94393] 25 | 
33 | 05717| 99716] obooz| 93998] 0284] 94283] 27 
34 55827 99714| 113 g3887 | 00286] 94173] 26 
35 [5937] 99713} 05224] 93776 | oozt7| 94063] 25” 
35 | 06046] 99711] 06335] 9366; oo289 93954] 24 
37 06155 99710] 6445] 93555 | 80290] 93845] 23 
38 | 06264] 99708 86556 93444 00292 93736] 22 1 
32 06372 __99797 966651 93334 00293 93628 21 
40 9.06481 9.59705 0677 5/10. 93225 10.00295 10. 93519 20 
1 41 06 588 1 4 * o6885 93115 00296 93411] 19 
42 | o6696| 99702] obggg] 93006 oozg8| 93304 18 
43 o6804 | 99701] o7103] 92897 00299 93196 17 
44 | 06911 99699 07211] 92789 o0zor | 93089 16 
45 | 07018] 99698] 07320 92680 00302 9298215 | 
46 | 07124| 99696] 07428] g2572| o00304| 92876] 14 | 
47 | 07231] 99695| 07536] 92464 0305 92769 13 
48 | 07337| 99693 07643] 92357 | 00307 | 92663] 12 
49 | _ 97442 - 99692 | _ 07750] 92249 00308.| 928882 $4 
50 9. 075489. 99660 | 9. 078 58110. 92142 10. 00310 10 92452} 10 
51 | 07653] 99689] 97964] 92036] oogit| 32347 
| 52 | 07753] g9687 | o8o7r| 91929 0313] 92242 
5357863] 99686] o8177] 92823 0314] 92137]. 7 
1 54 | 07963; 99684| 38283 91717 00316 92032] 6 
55 08072 99683] 838 91671 00317 91928] 5 
56 o8 176] 9968 1[ 8495] 91505 00319 9182444 4 
57 8280] 99680] o8601] 91400 | 00320 917201 3, 
58 | 08383] 99678 o$705| gizgg| 00322 91617 2 
59 08486 99677] 88810 1190 00323 gi514] 1 |: 
_bo | o8589 | 09675 | 08914... 91086 00325 | 29141 © ff 
| Co-fine; ) Sine. e 7 ang. |Co-ſecant | cant. N. 
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A Tible* of Artificial Sines; Tang. and Sec. f Degrees. 


81 Degrees 


M. „Sine. Co-fine, , Targent | Co-tang, | Secant. Co- ſecant 
— |9.14356| 9.99575 | 9: 14780 ro. $5220 | 10,00425 10. 85644 bo 
1 | 14445] 99573| 14872 35128 0426 B4555| 59 | 
2 | 14535] 99572| 14963 35037 00428] B85465| 58 
3 | 14624| 99570] 15954 | 84946 00430] . 85376| 57 
4 | 14714] 99568 15145 | 34355 oo32 35286 56 | 
5 | 14803] 99566 15236 | $4764 | 00434 85197 | 55 | 
6 | 14891} g9565| 15327 84673 00435 85108 | 54 
7 | 14980] gg5b3| 15417 24503. 00437| 8502053 
8 15069 g9561] 15508 | 84492 00439| 84931 |' 52 
_9 |_15157| _99559| 15598 44 844 84843 | 51 
10 [9.15245 | 9.99557 9- 15688 [10. 843 72 10. 00443 | 10. 84755 50 
11 | 15333] 99555| 15777 | $4222 00444 84667 | 49 
12 | 15421] 99554] 15867 | $4133 00446 84579| 48 | 
13 | 15508] 99552] 15956 84043] o0448 84492 | 47 
14 | 15596| 99550] 16046 | 83954 | 00450 84404 | 46 } 
15 | 15683] 99548] 16135| 33365 004.52 84317 | 45 | 
16 | 15770] 99546] 16224 | 83776 00454 84230 | 44 
17 | 15857 | 99545] 16312 83688 00455 84143 | 43 
' | 18 | 15943] 99543] 16401 83599 00457 84056 | 42 
19 | 16030] gg54r} 16489 83511 00459] __83970| 41 
20 [9.16116 9. 99539 9. 1657710. 83423 10. 00461 10. 83884 40 
21 | 16203 99537] 16665 83335 00463 83797 | 39 
22 16289 | 99535 16753 83247 0046 5 $3711 | 38 
23 | 16374| 99533] 16841 | 83159 00467 83626 | 37 
24 16460 | 99532 16928 83072 00468 83540 | 36 
25 16545 99539 17016 82984 00470 $3455 | 35 | 
26 16631] 99528 17103 82897 004.72 83369 | 34 
27 | 16716] 99526 17190 82810 00474 83284 | 33 
28 168011 99824 17277 32723 00476 83199 | 32 ; 
29 16886 99522 | 17363 82637 00478 83114 * 
30 9. 16970 9. 99520 9. 17450 10. 82550 10. 00480 10. 83030 30 
31 | 17055| 99518 17536 82464 00482 82945 | 29 
32 17139 99517 17622 82378 00483 $2861 | 28 
33 | 217223] 90515] 17708] B82292| oogss 84777 | 27 | 
34 17307 995131 17794 82206 00487 $2693 | 26 
35 J 17391] gggit| 17880 82120 00489 82609 | 25 
36 17474] 99509 17565 82034 00491 82526 | 24 
37 | 17558] 99507] 1gosl | 81949 00493 82442 | 23 
38 17641] 999505 18136 81864 oo49 5 82359 | 22 
39 J. 17724] 99503 18221] $1779] 00497 82276 [ 21, 
40 9. 178079. 99501 9. 18 306 | to. 31694 | 10. 00499] 10. 82193 | 20 
41 17390| 90499 18391 81609 oo 501 82110 | 19 
42 | 17973] 99497] 18475] 837825 00503 82027 | 18 
43 13055| 99495 18560 81440 oo 504. 81945 | 17 
44 18137] 99493 18644] 317356 oo 3186316 
45 18220 99492] 18728 - 81272 00508 81780 | 15 
46 18302] 99490] 18312 | 81138 | 0510 81698 | 14 
47 18383] 994388] 18896 81104 00512 $1617 | 13 
48 18465 99486] 18979 81021 00514 81535 | 12 
49 | 18547] 99484] 19963 | 85937} oog16 81453 [11 
50 9. 18628 9. 994829. 19146 10. 5854 10. 00518 10. 81372 | Io 
51 187091 99480 19229 80771 o 520 831291 9 
52 [18790] 99473] 19312 80688 o 5223 81210 8 
53 | 18871] 99476] 19395 | 80605 00524. 81129 | 7 
54 18952] 99474] 19478 80522 00526, $1048 | 6 
þ 55 | 19033] 99472| 19561| $0436 00528] 20967 5 
56 19113| 9g9470| 19643 | , 80357 00530 Bo887 | 4 
57 19193] 99468] 19725 80275 00532 $0807 | 3 | 
53 19273] 99466} 19807 80193 | 00534 $0729 | 2 
59 | 19353] 99464| 29889 80171 00536] YWobgn | 1 
"00 - 19433] 99462 | 19971 | 80029 e __b0567 o 
o fine. Sine. Co ang. 'Fanvent. 1 Co- Co-fecant Se- cant. M. 
„ 


* 


A Tabſe of Artificial Sines, Tang: ens See. 9 Degrees, 


( 
| 
i 
j 
1 


— Sine. — | k Lon do Co-rang. | Secant,  1Co-ſecant, TJ 
o | 9.19433 | 9. 99462] 9. 19971 | 10. 30029 10. 60538, 5G. $5367 60 | 
119513] 9940] 20053| 79947 | Ooggo| Bogf7| 39 
2 | 19592} 99458 2013 79865 00542 | . Bogo8| 58 
5 19672] 99456 2021 | 474 00544 | $0328] 57 
4 | 19751] 99454 N 79703 980546 Sozgg| 56 
8 19830 99452 2037 796211 0548] 80170 55 
6 [19909 99450] 20459 7954: | ooggof Soogs| 54 
719988 99448| 20540 79460 00552}. 90012 53 
I - #9379 | - SE 1+209311 52 
9 | _20145| _ 99444| 20701} 79299] oogsb| 79855) 51 
10 | 9.20223 | 9. 99442 9. 4 10. 79218 | — 10. 79777 "50. 
gs & 20302 9g9440| 20862 79138 79698! 49 
12 20380 99438] 20942 79058 90362 79620 48 
13 20458 99436] 21022 78978] 0564] 79542 47 
14 [20535 95434] 21102 8398 oag66| 294% 46 | 
15 20513 99432 22187 78818 00568 79387 45 
16 | 20691| 99429] 21261] 78739] oog7o| 709309 44 | 
17 | 20768 99427] 21349] 78659| 0573 25232 43 | 
18 | 20845 | 99425| 21420 78580] oog75| 27916542 
to; | ..1292 | 9963] 22409 78501 00577 [..79978| ar | 
20. 19. 20999 9.99421, 9. 2157810. 78422 | 10.00579 10. 79001 | 40 | 
21 21076 | 39419 21657 72343 oog31r] 78924 39 
| 22 | 21153] 99417] 21736] 28264] 0583] 78847 38 
23 | 21229] 99415| 21814| 78186] oog85s} 78771] 37 
2421305] 99413] 21893 78107] oog87 | 78694 36 
| 25 21382 | 99411 21971 | 78029 00589 73618] 35 
26 [21458 99409 22049 77951] ooggt] 78542] 34 | 
27 [24534 99407] 22127 77873] 0593] 78465 33 
28 f, 22610 99494 | 22205] 77795 00595 78399| 32 
| 29 21685 | 99402 22283 77717 0 598 78315 3 | 
5 30 9.21751 9.99400 9.22361 to. 77630 IG. 50000 | 10. 78239 30 
31 21836| 9939 22438 77562 00602 F 78164] 29 | 
+ 21912 99396 22516 77484 0604 þ 78088 28 
33 | 21987| 99394| 22593 77407| 00606 un 27 
34 | 22062 99392 | 22670 77330 oobo8| 77938 26 
35 j} 22137 99390] 22747 | 77253] oobiof 77863 25 
36 222111 993881 22324 77177 06612 77788 | 24 
37 22286 99385 22901] 77099 006 5 777144 23 | 
38 | 22361] 99383] 22977 77022] oobi7] 77639] 22 
T 
1 40 9. 22509 5.95379 95 23130 | 10. 76870 | 10. 00621 | 10. 77491 20 
41 [22583 99377 | 23206] 76793] oobzz} 77417 | 19 
4222657 99375] 232383] 76727] oobzs 77343] 18 
| 43 | 22731} 99372| 23355| . 766qx] oob28} 77269] 17 
44 22805 | 99370| 23435 765651 00630 ' 77195] 16 
45 22878 99363] 23510 76490 00632 77322] 15 | 
| 46 | 22952| 99366} 23536] 76414] 0634] 770481 14 
4. 47 23025 | 99354 | 23663] 76339] oo636 76975] 23 
1 48 23098 99362| 23737 76263 00638] 76992] 12 
49 23771 99359 23812 76188 £50041 | | 76829 1 
1 50 9. 232449. 993579. 2388710. 76113 10. 0064.3 10. 10. 76756 | 10 
3123317 99355] 23962 76038 9647 766834 9 
| 52 | 2339 99353] 24037 75253 647] 76610] 8 
53 23462 99351] 24“ 75888] oobag| 76538] 7 
| 54 | 23535} 99348 24186 | 75813] 0652 76465 6 
ft 55 {| 23697| 99346|. 24261] 75739* ocobss| 76393] 5 
; 56 23679 99344| 24335| 75665) oo66| 76321] 4 
{ BL, 23751 99342| 24410 75590 00658 76248 3 
. 58 | 23823] 993400“ 75516] oobbo| 976177 al 
j 59 | 23895 35337 24558| 75442 |. 00663 76105] 2 
| 60 | 23967 | ©9335] 24633] 75368] 00665 76033] © 
4. *Co-fine, Eine. 5 Stang. -tang, Tangent, To-Tccan Secant. | N. 
* : "V 3 80 5 egrees. 
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© ad, 
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A Table of Artificial Sins] Tang; ond Sec. 10 MM 


N. Sine, | Co-ſine. Tangent | Co-tang. — Co- — | 
 o {9.239671 9-99335 $i 24632 | 1075368 | —— 10. 76033} 60 
j * | 24939] '99333| 247766 75294 7596r| 59 | 
] 2 | 24411. 9933 $4779} 75221 —— 74890 58 
ö 34181] 99328 424853 75% 00672| 23819 57 
| 4 | 24253] 99326 249265 75%] 00674| 75747 56. 
| $:| "249341 99996, +2900? . 73000} (00676 756761 55 
66 [ 24395| '99122| 25073] 74927 | 00678] 75605| 54 
| 7 | 24466] 993191] 25146} 7483854 co68o| , 75534| 53 
| 8 | +24536] [99327] 25219} 7478:] ood8z| | 75464| 5» 
1 _9. | _24607| 99315} __ 25292 428 oob85| 75393} 51 1 
| 29 9.2457) 9.593139. 25365 10, 74635 10. 00687 10. 75322 50 
234248] 99370] 254374 74563] 69% 75252| 49 
1718 24818 99308 25510) 74490 00692, 75192 | 48 
1 13 | 24888] 99306 25582] 74418] 0694] 75112 47 
| 14 | 24958] 99304 25655| 74345] gs 750 46. 
| i5 | 25028] 9930 | 25727} 74273] O006gg| 74972| 45 
„ | 25098} e - $5799] 74407] varor!. | 7ogna! 446 
t7 | 23163] 392977 p537x| 74129] 00703] 748324 43 | 
18 | 25237]. 99294] 25943] 74057 00706} 74762} 42 
1.19 | _ 25397] _ 99292] 2601 {__73935|_ e 574693 42: 
20 9.253769. 99290 | 9. 26086 . 475.0710 175075635 40 
| 21 [ 25445] 99288 26158 o 74355 39 
] 22. | 25514| 99285] 26229 73277 oe 74496 38 
23235533 99283 26300 73699 , 74737 
124 25652 89281 | 26372 73628 00719 7434836. 
j 25 | 25721] 99278] 26443] 73557 00722| 74% 35 
26 25790 9g9276| 26514] 973486] 00724| 74210 3+ .| 
427 | 25857] 99274| 26585] 73475 00726 74142 | 33 
j 28 | 25928] 99271| 26655 73344| 00729] | -74973| 3% 
1 99269 _ 26726] eee 
32 9. 26063 9. 99267 | 9. 26797 | 10. 73203 | 10. 9073340. 73937 30 
31 26131 9966s, 26867 | 731334 _ 00736] 73869 29 
| 32 | 26199] 99262 26937] 73063] 00738] 73801| 28 
4 33 | 26267| 99266 27008] 72992] 00741] '73733| 27, | 
34 | 26335] 329257] 27078] 7292z) 00743] 736651 26 
35 | 26403| 99255 27148] 72852] 00745] 7359725 
{ 36 26470 99252 | 27218 72782] 00747 73530 | 24 
137 265338] 99250 27238 72712 07 50 73462 23 
4 38 | 26605] 99248 27357 72643] 0a 73395 22 
132. 26822 22245 22422 72573] ©0755 — 2228 21 | 
| 40 9.26730 9.99243 9. 27496 10. 72 504 10. 00757 | 10. 10. 73261. 20 
228306 g9241| 27566] 72434[ 97] 73193] 19 
] 42> | 26873] 99238 27635 72365 00762] #73127] 38 | 
4326940 99236 27704| 72296] 007644 73060| 17 | 
4+ 27% 99233 27773 72227 | o00766\ 72993 16 
145 |- 27053] 99231 27842 72158 00769 72926 15 
1627140 99229 279% 72089 8077 [ 172860 14 } 
1427 27206 99226 27980 72020 380774 72294 13 
18 | 27273] 39224] 28049 7i95r| 00776| 72727 12 | 
1.49 | _27339| 9go221| 23112] 71883] ooo7g|. 72661] 11 
1 59 9.27405 9.99219 9.28186 | T0. 71814 10. 00781 | 10. 72595 | 10 
| 57, | 27471| gg217| 28254| 71746] 00783 72529] 3 
| $2 27537 99214] 23322 71677 00786 52463] 8 
{ 53 | 27602| 99212\ 28391 71609 00788 72398] 7 
} 54 27668 99209 28459] 71541 00791 72332\ 6 
} 55 | 27734| 99207 23527 71473] 00793] 972266} 5 
j 59 | 27799| 99204] 238528] 971405| 90796 72201[ 4 
$7 27864] 99202 28662 71338 o0798| 72136] 3” 
3827930 99200| 23730 91270 oo {| 72070] 2 
j 59 | 279925] 99197 | 28798] 971202 oo803\ 72e, T- 
. _28060] g9195| _ 28865| 71135] oosos 27942] © 
Co-tine, ) Sine, E -tang. | Tangent, þCo-fecant | Secant. M. 
| Q q 2 79 Degrees, | 


A Table of Artificial Sines, Tang. and Sec, 11 Degrees, 


: 78 Degrees. p 


— ** — 


1. De. Co- nne. | Tang.. | Co-tang. . 1 To: Tecant | 
70 7 Hos 9.99195 | 9.28865 10, 73435] 10. 71940 
x |* 28125] 99192] 238933}. 71067 8 Jake 
2 | 28190] 99190] 29000] 71000| 718 10 | 
3 | * 28254 | 99187] 2967 70933 71746 
4 238319 99185] , 29134 70866 71681 
5 28384] 99182] 29201 70799 71616 
6 28448] 99180] 29268} 70732 571652 
7 | 28512| 99177] 29335 fl 2 71488 
8 | 28577| 991775] 29402] 970598 71423 
9 | _23641| 99172] 2946g| _ 79532 71359 
19 | 9:2870519. 99170 9729535 19. 70465 1971985 
28769 99167 29601} 70399 71231 
23833 99165 29668 70332 71167 
238896 99162 29734 70266 71104 
28960] 99160 29800 70200 71040 
29024 99157| 293661 70134} 70975 
29087 99155 29932] 70068 20913 
291 50 99152 29998 70002 708 50 
29214 99150] 30064] 69936 70786 
29277 99147 30130] 69870 2223 
| 9. . 2934019: 99145 | 9. 30195 | 10. 69805 | 5857 | 30. 70660 
- 29493} 99142| 30261 69739 70597 
29466 39140 30326] 696574] oo8bo| 70534 
29529 99137] 30391 69609 70471 
29591 | 99135] 39457 6954-3 70409| 30 
29654 99132 30522] 69478 70346 
29716 99130 20857 69413 o0870| 70284 
29779 99127 9652] 69348 F0oꝛzz1 
29841] 99124] 30717] 69283 70159 
29903 99122 2 69218 20997 
9.299669. 99119 7 308461 10. 69154 10. 70034 
30028 99117 30911 69089 oo883 69972 
30090 991141 30975 690251 0886] 69910 
30151] 997112] 31040 68960] 00888 69849 
30213] 99109 31104 68896 69787 
30275 99106 31168 | 68831 oo894 69725 
30336 99104] 31233] 687674 0896 69664 
30398 | 99101 31297 63703] 00899 69602 
30459] 39099 31361 | 68639 69 541 
| __30521 | | 99096] 31424 | G68575| 92224 69479 
9- 305829. 990939. 31489 75.685577 | 10. 69418 
30643] 29091] 31552 68448] 0909 69357 
30704 99088 31616 68384 69296 
30365 99086 31679 68320 69235 
30826] 99083] 31743 68257 69174 
30887 | 99080 31806 68194 00920 69113 
30947 99078] 31870 68130 69053 
31008 99075] 31933 68067 68992 
21068 | g9072| 31996 | 68004 68931 
31129 | 9957 32059 67941] oogzo 68871 
9. 311389 | 9.99067.] 9. 32122 | 10. 67878 10. 09933 10. 68811 10 
31249 99064] 32185] 67815 68750 9 
31310 99062 32248 67752 66690 8 
31370 99059 32311 67689 68630] 7 
31430| 99056 | 32373] 67627 68579] 6 
31490] 99054] 32436 67564 68510] 5 
31549] 99051] 32498 67502 68451] 4 
31609 | 99048 32561[ 67439 63391] 3 
- 31669] 99046] 32623] 67377 | oog54} 68331] 2 
31728 99043] 32685 67315 68272] 1 
31788 | ggogo| 32747 67252 6821240 
Co: ine. | Sine“ Ca-tang. Tangent. 'Secant. # NV 


— 


A Table of Artificial Sines, Tang. aud Sec. 12 Degrees. - 


7 M. E. - | Co-tine. | Tang. Co tang. — Co- ſe cant | 
| o 9.31788 9. 99949 9+ 32747 | 10. 6725310. 00960 | 10. 68212 60 
2 | 31847 | 99038 32810} 6671090 "00962 68153 59 | 
2 | 31997 99035] 32872} 57128 8096] 68093 58 | 
331966] 99032] 32933} 67067 | 00g68| 68034 57 
4 | 32025 99030] 32995 G67005'} ' 0970 | 6797 56 |. 
5 32084 99027] 33957 67943 80973 G67916| 55 | 
6 [32143 99024 33119. 66881 00976 67857 54 5 
3 32202 | 99022 33180} 66820 00978 67798 53 
3 |. 32251] 99019] 33242 66758] oog81| 67739 52 | 
| 9 |_32219 | 28816] 33303] 66697. —— 62581 5x | 


| 10 9. 32378 9.99013 9. 33365 10. 66635 10. 00987 | 10. 67622 50 
| 12 | -32437 99011] 33426 66574 60989 67563 49 
1232495 99008 - 33487 66513] o099 2 67505| 48 * 
1332553] 990056 33548 66452 o0g995|  . 67447] ant | 
14 32612 99002 33609 66391 oogg8 | 67388 46 
15 32670 99000] 33670 66330 01 57330 45 
16 | 378 98997 23731] 66269 or 6727 44 | : 
17 | 32786 98994 33792 66208 otoob | 67214 43 


18 32844 98991] 33853] 66147 on009| 67156 42 
19 2982 33289 323973582 91011 67098 4 


20 9. 3296 9. 98986 9. 33974 | 10. 66026 10. 01014 10. 6704 40 
21 | 33018 98983 _ 65966 01017| 66982 39 
22 33075 98980 4095 65908] . 01020| 66925 38 
23 | 33133] 98978] 34255] 55848] o1022| 66567 37 
24 33190 98975 34215 65784 —_ 66810 36 
| 25 | 33248] 98972 1 65724 1028 | 


” a 


2633305] 98969 34336} G65664| 1031] - 666g5| 34 | 
2733362 98967| 34396] 65604 | 01033 66638 33 
28 | - 33420] - 98964| 34456] G5544 1036] 66580 32 
| 29 |- 33477 | 98961] 34516] 65484 o1039| 66523 21 
30 9. 33534 9.989589. 34576 10. 65424 1. 01042 10. 66466 30 
31 [ 33591] 98958] 34635] 55365 o1045| 66409 29 | 
3233647 98953] 34695] 63305 01047| 66352 28 
3333704] 98950 34755| 652475 | onoge| 66296] 27 | 
34 | 33761] 98947 34814 65186 | 01053] 66239 26 | 
35 338180 98944 | 34873] 65126 1056] 66182 25 
36 33874] 938941] 34933] 65067 212 686126 24 | 
37 [33931] * 93938 | 24991] G65003| 01062 
38 [33987] 98936] 35051| 64949 | - or064| 66013] 22 
_39 | __34943| 98933] 3110 64889| 39167 65957] 21 |. 
40 9.34100 [9.98930 9. 35170 [ 10. 64830 10. 01070 10,65900} 20 
41 34156 | 98927 | 35229 64771 | .. 01073] - 65844] 19 | 
4234212] 98924 | 35288 64712 | - 01076 65788] 318 | 
4334268 98921] 35346] 64653 o1079| 65732] 17 | 
4434324] 98919| 35495| 64595 ono8r| 65676 16 
45 | 34380] 98916] 35464| 64536 01084 | _ 65620] 15 | 
4634435 98913] 35523] 64478 ono87| 65564] 14 | 
47 | 34491| g8910| 35581] 64419 on0go; 65509 13 
48 | 34547| 98907 | 35640 | 64360 | 1093] 65453 12 


— 


| 49 34602 | 98904] 35698 64.302 01096 65398 11 

— — — —— — — — — 
5 50 | 9. 346589. 989019. 35757 | 10. 64243. 10. 01099 1065342 10 | 
9 51 34713] 98898 35815 64185 | 01101 65287 9 | 
8 52 | 34769| 98896] 35873] 64127 | -01104| _ 65231] .8 | 
7 53 | 34824] 38893] 35931| 64069 1107 65176]. 7 
6 54 | 34879; 98890] 35989 64011 01110 65121 þ 6 | 
5 55 | 34934 | - 98887 | 36047 | 63953 | . 01113] 65066 5 
4 56 34989 98884] 36105 | 63895 | 1116 650111 4 5 
3 57 [35944 | 98881} 36163] 63837 61179] 64956 3 
2 58 35999 98878] 36221[ 63779 01122 64901] 2 

1 59 | 35154] 938875] 36279 63727 01125 648464 1 
0 — 35209 98872 36336 63664 01128 64791 o | 
* Co · ſine. Sine. . Tangent. Co- ſecant ] Secant. M. 
— Fe MEER * ED — 


ö 77 Degrees. 


bo Table of Artificial Sines, Tang. and Boos 1 


1 M. Sine. | Co- ine. 8 Tang. | Cortaug.| Sccant. | Co- locane | 
328 529755 9.58872 9. 36336} 10. 63664 10; 04128 TU | &* | 
1] xn | 35263| 38869 36394 63606) 61130 64736] 59 
1 2 |. 33318 93367 3645x} 63542 1133 64682 58 | 
3 | 35373] 93864] 365099 $3497] 01136 64627 7 
| 4 | 35427 98862 36366 634% 61134 645723 56 | 
8 35481 | 98858 36624 63376 i114 64518 55 | 
16 33536 98853 36681} 623190 61748 64464] 5q | 
17 35590 988 52 36738! 63262| 01148] -644t0| 53 
8 | 35644 98849 36795} 63205 064356 5 
| 9 | 35698 | 9®846| .36852| 63148; orr54| 64302] 9 | 
j —  ____ 1 — — — - F — — 
10. | 9. 35752 9.98843 9. 36909 10. (1% 1 10. 11 %½ 10.4428 5o | 
1135886 98840 36966 63034 660 64194] 49 | 
1235860 93337 37023] 629% 6176 64% 48 
13 35914 98834 37080] 62920 e166 64086 47 
12438968 933831 37137 62863] 51169 64032 46 
( 15 | 36027 | 93828] 37193] bai 61772 63978 | 45 
16. - 36075 98825 37259] 62750] orr7s! 63925] 44 | 
17 [36729 33821 37306 62694 , 63871 43 | 
1836782] 98819 2 72437 ots rx 63818 42 
[1.29] 96236 | 98916 | _ T7079) 62581! orr3g| __ 63764| 4r | 
J 20 | 9. 36289 | 9.98813} 9+ 7476 10 52558 10. 1187 10. 6371 [C 40 
21 | . 96342 98370 372 62468 o1190| 63658 39 
2236395 | 98807| 37588 62412] 601793 63605 38 
2336448 98804 37644 62356 94496 63551 | 
| 24 | - 36502 98801 37799| . 9250 1199 63498 36 | 
25 36355 98798 37756 62444 12 63445 35 | 
2636607 | 98795| 27872 62188] fz 63392 34 
| 27 36660 838792 37869 62132 orzo8 63340 33 | 
28 | 36% 3 3879 37% 62076) | 01213 63287 32 
22 36766 98786] 3728 62020) orzry Lt 63234 35 
39 9. 368189. 987839. 27057 8185 10. 01217 78.88787 30 | 
J 37 36871 | g8780| 28091 61909 orzao| 63129 29 | 
1] 32 | 36924 | 98777 | 338147] G1853] arzaz| 630% 28 
1 33 36976 38774 39202 co 016 63024 27 
3+ 3728 38%] 382375 61742] , 1229 62971 26 
35 37081 98768 22263 61687 01232] 62919 25 
36 37133 88765 3836 61632 01235 62867 24 
| 37 | 3785 | 38762 3242 67577 oz238| 6215 23 
1 33 | 437237 | 98759} 33479] 61521] an24x| 62763 22 
4 _39 37289 | 98756| 33534| 61466 0124 62711 21 
40 *4 37341 | 9. 98753 | 9. 38389 10. 617110 1.01247 10. 62659 20 
1 41 | 37393| 98749 33644. 61356 01250 62607 19 
| 42 | 37445| 38746 338699 673% 6254] 62555 18 
14 | 37497 28743 33254 7246] 61257 62503| 17. 
14379 38740 33808) 617792 1260] 6245116 
14 3760 98737 | 3886; 61137 01263 62400 | 15 
\ 2 37652 98734 3891 61082 01266 6234814 
i 47 | 37703| 98731 38972] 627028 op 62296 | 13 
{ 48 | $7755| 98728 39027|  6ag73| 62245| 12 
1 49 | 437806| 98725) 22281 60918 012751 62194 11 
"50 9 7558 | 9.98722 9. 3913610. 60864 10. 018 | 10.6214z | 10 
{ 51 37909 98719] , 39190| 60810 01281 62091 9 
$2 37960 98715 39245] Go7gs 01285 62040 8 
53 38011 987712 39299 60701 012838 61989] 7 
34 38062 98709] 39353 60647 01291 61 938 6 
55 38113 987 39407 60 593 01294 61887] $5 
& | 438164 | 98703 30461] 605390 o1392] 61836 4 
57 | 38215| 98760 395275 60485 _ 03700 61785 3 
58 | 38266 98697 39569 $0431 91303 617344 2 
29 33317 | 98694 39623 60377 01306 61683 1 
8⁰ | 5368 == _ 98690 | _ 39677. | __$0323] %% 61642] f. 
N 'Co fine, Sine. ' Co-rang. Tangent. | To-ſecant | Secant, | M 


„ 


— N 


A-Table of Artificial Sines, — and Sec. ets ee 


TM! Sine. | Co-tine | Tangent | Co-rang.. | Secant. | Co- lecant} 
o | 9.38368 | 9.93690} 9. 39677. 19. 50323 | 1% 1310 10. 632] 60 
| 2 38418 38687] 39734]  boz6g |-*--01913| 675820 59 | 
2 | 38469] 93684 | 39785] Con 13160. 61531 $8 | 
1 3 38519] 98681 39838] 60162[ 51319] 64481] 57 
438570 98678 39892]  Goro8 | crgz2z} 64430] 56 | 
| 5 | 38620] 98675 39945| | 0054 | orgs Gxg30| 55 
6 38670 98671 39999] Gower [06 729 67330 54 
7 | 38721} 53668 40052| $9948 01332 G6y280| 53 
8 38771 | 98665 40106 . 59894 01335 61229 52 
. 38821 8365 20152 59841 | or338f 84122 +. 
10 9.38871 9.98659 9. 40212 10. 5978810. 01341 10. 61129 30 = 
1z | 38921 33655 | 4oz66| 59734 | 01344|. 61079] 49 


12 | . 38971 | 98652 40319 $9681 | 1348 61029] 148 
\ 13 | 39021} 38649 403%] 59628 | ong5r| 680979 47 
| 14 | 39071 | 98646 4046 59575| Ot354| 0929 46 
15 |. 39121} 38643] 40478] 59522 1357 60879 45 
16 | 39170 98640 40531[ - 59469 | 61360] ,60830| 44 | | 
17 [39220 | 98636 | 40594 59416 01364 60789] 43 
18 | 139270 2483 | 40836] | 59363 01367 60730 42 |} 
s 40689 9 01371 506811 41 | 
Sans | 9.39369 | 9- 98627 9.476. | 10. 59258 | 10.01373| 10. 606371 40 
1 4 2 98623 40795| 39205 013774 88582 32 
22 [39467 938620 40847 59153} 01380] 60533] 38 
23 | 39517] 98617] 40% F590 21383] 60433 37 
24 | - 39566] 98614] 40952] 59048 61386] C0434 36 
25 | 39525 838610 41004] g8995| 51390] G60385| 35 
26 | 39664| 98607| 41057] 38943 51393 60336]. 34 
27 397131 938604 41109 58891 01396 60287 33 
28 | 39762 98601] 411611 33839 01399 50238 32 
29 39811 98597 | 41214 | 58786 1403] 60189 31 
30 9. 39860 19. 98949-47266 10. 58734 f 10. 01406 10. 60140 30 
It 39999 | 9859r | 41318 536832 01409 60091] 29 
3% 39957 | 98588 4137- 53630 O1412 60042] 28 
33 | 406 98584] 41422} 38578] 61476 59994 27 
3440055 985810 41474] 633526 21419] 59945 265 
35 | 40103] 98578 41526 58474 01422 $9896| 25 f 
| 36 40152 98574, 41577] 38422 61425] 39848 24 | 
37 | 40200 g8571] 4629 53374 | 1429 59800 23 þ 
38 | 40249| 98568] 4681] 58319 64432] 59751] 22 | 
4.39 |_40297| _og8565| 41733} 58267 | orgzs| co7o3j ar fo ___ 
40 [9.40345 | 9+ 9.98551 9.41784 16. 58276 10. 01439 10. 59654 20 [ 
47 | 40394] 33558 41836] 338264 o14432| 59506 29 
42 40442] g8555| 41887 | 3813] 60445] 39558 18 | 
43 | 40490] g855r| 41939]  g5B806r| 61449] 59510| 27 | 
| 44 405338] 93548 4iggof 58020 ©1452 59462 | 26 
45 | 40586] 98545 42041] 57938] 61455] $9414 15 
46 | 98941| 42093 57907 | 01459] 39366 24 | 
47 | 40682} 38538 42144] 57856] 61462] 393718 23 
| 
L 
1 


2 


- 


Hr ; 49730 | 99535 42195 } $9008 | * __ 59270 | 12 

4 2 e 1 
2 4077 | 9gog3rty 42240 „ $7754 14 215 — — 1 
50 | 9.40825 | 9.985328] 9.42297 40. 57703, 10, 01472 | 10. $9175 | 10 T 


9 51 | 40873] 88825 42348] 57652 » $9127 2 f 
8 52 | 409 21 98421] 42399] g7601] 601479] $9079 ö 
- 53 | 409638] 33518] 42450) 57550] 61482] 39032 2 | 
6 54 | 4ro16| g8g15] 42501 [ 37499 41485] 38984 6 | 
* 55 | 4063] 98311] 42552 .57448] 2489] 58937} 5 
1 56 41211 8938 508] 42603 57397 01492 3588899. 4 
3 57 411588 98504] 42653] 57347 O1495] $3842) 3 
2 58 | -4r205| 98501] 42/04 57296 014991 $8798 2 
1 59 | "42252 98498 42755 57245 » $8748] 1 | 
8. — $222 | 98494 | 4305} $7795 |. 2 £722 24 
M 1 Co- fine. I Sine, Co-tang. Tangent. Co-ſecant ) Secant. 1 N 
— ” Ris BELA * 


75 Degrees, 


8 Table of Artificial Sint, — 25d det. Tc Degrees. 
NI. Sine. | Co-fine. Tang. Co-rang, | Secant. 


Co- ſecant We 
| 0 9.413009. 98494 9. 42305 | 10. 57195 10-91008. 10. 58700 58 
- 1 | 41347 | 9g8491| 428 57144 61509 38653 59 
> 2 | 41394| 98488 42906 57094 61512] 38606 58 
; 3 | 41441| 98484 42957 | 57043 | 562516] 58559 57 
34 41488 33481 43007 56993 01519 58512 56 
5 | 41535] 98477 43957 55943 | 51523] 58465 55 
} 6 441582 93474] 43108 | 56892 1526 58418 54 
2744628 9847 431588 56842 621529] 33372 53 
341675 98467 43208 56792 1533] 38325 52 
9 | 42722 98464 43258 56742 01536 58278 51 1 
10 | 9.41768 9. 98460 9,43308 | 10. 56692 10. 01540 10. 58232 50 
N 11 47815 98457 43358 56642 62543] 38185 49 
1 12 41861] 98453 43408] 56592 601547] 58738 48 
13 | 41908] 98450 43458 56542 | 1550] 58092 47 
14 | 41954 98447 43508 56492 01553] 58046 46 | 
i5 | 42001] 38443 43558] 56442 | o1557] 57999 45 
16. | 42047 | 98440 43607 56393 | o1560 57953 44 
i7 | 42093] 98436 43657 56343 015644 57907| 43 
1842139 98433| 43707 56293 1567] 57860 42 
19. 42186] 22422 4328˙ 86244 2121] 57814] ar 
20, | 9.42232 9.984256 9.438906 | 19. 50194 10. 0157410. 57768 | 40 
21 | 42278 | 98422 43355 56145 on578] 57722 


22'| 42324 | 98419 43905 56098 ' 01581] 57676 38 
23 | 42370] 98415 43954| 56046 61584] $57630| 37 
24 | 42416] 98412 44004| 55996 51588] 57884 36 
25 | 42461| 98409 44053 55947 01591] $57538| 35 
26 | 42597 98405] 441024 55898 1595] 57493 34 
27 42553] 98402 44igr| 55848] 01598] 5747 33 
28 [42599] 98398 44201]. 55799 1602] 57401] 32 
29 | 42644] 93395 44250 $5759 on605} 57356} 31 
30. 9.42690 9.98391 {9.44299 | 10. 55701 10. 01609 10. 57310 | 30 
31 42735 98388] 44340 $5652 01612 57265 29 
14 32 42781 983844 44397 | 55603 01616 57219 28 
33 428260 98331} 44446] 55554 61619 $7174| 27 
34 42872] 98377] 44495 55595 61623] 57128 26 
35 | 42917] 98373] 44544 55456 21626] 57083 25 
36 42962 98370] 44592| * 55408 | 01630 57038 | 24 
3743007 98366 44641] 55359 | 016341 56993] 23 
38 | 43953] 98363] 44690 $5310 | o1637} 56947 22 | 
39 | 43098 | 98359 44738 65262 01641 56902 | 21 

— a — — — — 


40 9.43143 | 9938356 [9.44787 | 10. 55213 10. 0164410. 59557 | 20 | 
| 43188 | | 98352} 44836 55164. 01648 55812 | 19 
42 | 43233] 33349 44884 3516 61652] 56767 | 18 
43 | 43278] 98345] 44932 55067 616551 56722 317 | 
{- 4+ | 43323] 93342]. 44931 55019 531658] g6677] 6 | 
45 43367 98338] 45029 54971 | 01662 56632] 15 | 
46 | 43412 983344 45078] 54922 01666 56588] 14 | 
47 | 43457] 98331] 45126] 54874] 1669 56543] 13 
48 | 43502] 98327] 45174| $4826 | 561673] 56498] 12 | 
| _49_| _43546 - 98324 | 45222| 54778 01676 56454 | 11 
{ 50 [9.43591 | 9.98320 | 9.45271 | 10. 54729 10. 01080) 10. 56409 
51 43635] 983427] 45319] 54681 | 51633 56365 
52 | 43680 45367 | 54633 | 1687) 306320 
53 | 43724] 98309 45415 $4585 16910 $6276 
f 54 | 43769] 98206 45463 54537 016944 506231 
55 | 43813] 98302 45577 54439 | 51698 502187 
56 43857 98299 45559 54441 | „77010 56143 
57 | 43901] 98298 45606] 543904 705] 56099 
58 | 43946] 98291] 45654] 54346 ot709] 35064 
a9 : 43990 | 98288 45702 54298 | o1712 55019 
5 | 44034 | 98284 4:759| 54250 || o1716| 55966 
Co-fin-. | Sine. | Co tang. J Tangent. "Se; 


"Co. ſecant. decant. 
74 Degrees. 


— 


00 

LS) 

— 

UI 
le- B A 20D © 


_ 


A Table of Artificial Sines,- 


WP X - 


EPA £ 


NM, | Sine. O. fine. Tangent Co-cang. Se-cant. | Co-ſecantj; _ 
5.44534 | 9.98284 | 45750 10. 54250 | 10.01716 | 10. 55966 80 
x | 44078] 38281] 45797 | 54203] 651519 352 $9 
| 2 | 44122] 9382/7 45345| $4155] 177230 53878] 5 
| 3 | 44166] 98273] 453921 54108) 6177 55834 | 57 
| 4 | 44210| g8250| 45940] 54060} 61730 53790 56 
3 | 44253| 58256 459897 | 54013] o2734) 55746 | 55 
| © | gzav2] eee 
7 | 4434] 58259] 48082] 53919} oi7gi| 55659 | 53 
8 | 44385] 98255 | 46230] $3570] or 55615 | 52 
_9 | 44428]. o825r| q6177| 5338231 on749 28 
10 [9.44472] 9. 98248 [9 4622410. $3776 |10.01752 | 10. 55528 50 
11445 93244] 46271| - $3728} 61756 $5484 | 49 
12 | 44559 9824 46319| g$368t} orpbo| veer | 48 
13 | 44602| 33237 46366] $3634 9 763 $3397 | 47 
14 | 44646| 98233] 46413} $3537} 6176 55354 | 46 
15 44639 33229 601 51540 01771 5531145 
16 | 44733| 93226 46507 53493 01774 $5267 | 44 
17 | 44776| 98222 46554 $3446 | 03778 $5224 | 43 
18 44819] 983218] (6601 53399 01782 55181 | 42 
19. 44862 9821581 46648 $3352 91284 $5138 41 
20 9. 44905 9. 98211 |9. 46694 10. 53306 10. 1789 io 5505 49 
21 44948 98207 46741 53259} 01793 55051 | 39 
22 44991 | 98203] 46788 532124 1796 $5008 | 38 
23 | 45035| 582050] 46835| g3i6s} 18 54965 | 37 
24 | 45077 | 88196 46881 53119 01804 59923 | 36 
25 45i20| 93192] 46928 53072 | 'or808 54880 | 35s 
26 45163|- 98199] 46975 53023 01811 54837 | 34 
27 | 45206] g8t85| 47021] 52970 61875 $4794 | 33 
28 45249 | y8181| 47068 $2932 01829 . $4751 | 33 
29 | 45292| 98177] 47114] $2886) 21223428 | 31. 
30 9. 453349981749. 4716010. 52840 | 10,0826 | 10. 54666 30 
31 45377] 98170 47207 52791 | o1830 54624 | 29 
32 | 45429 9 472533 $2747 | 01834] 54531 28 
33 45462] 98162] 47299 $2701| o1838 54538 | 27 
34 [245504] 98159 47346 | $2656} 7184 54496 | 26 
35 | 45347] 93195] 47392] $2608 01845 $4453 | 25 
36 | 45589| 938151] 474338} $2562| 1849 54411 | 24 
37 | 45632] 98147 47484] $2516] 61853 54368 | 23 
33 | 45674] 98144] 47530] . 52470 | 61856] 5432622 
39 | 45716] o8140] 47576} 52424] 182 * 54284 | 2r. 
9.45758 9. 981369. 47622 [10. 52378 | 10. 01864 | 10. 54242 | 20 
98132 47668 $2332 01868 54199 19 
98128] 47714 52286 01871 54157 | 2B 
99125 47760] 52240] 175 115 | 17 
981211 47806 52194 1879 54073 | x6 
98117 47852 52148 01833 54031 | I5 
98113 47897 52102 01887 53989 | 14 
98109] 47943} $2057 or890 53947 | 213 
98106] 47986 52011 018 33905 | 12 
_yg102f 48034 51965 01868 33864 [11 
9. 98098 9. 48080 |10. 51920 10. 01902 10. 53322 | 10 
98094] 48126 51876 o 1006 53780 9 
98090 48771] 31829] 1916] 53738 8 
980870 48217 | 51783] 7913 53697 | 7 
930893 48262 51738 01917 $3655 6 
g38079 48307 | 51692 orgat| 53614 | 5 
98075 353 51647} 29325 53572 | + 
98071] 43398] g1602] 61929] g3531 | 3 | 
9 45443 $1557 01933 53539 | £2 
' 3 5 2 
0 


Fd 


Tang. and Sec. 16 Degrees, 1 


| * | £ = 
| — ͤ D ——— — 1 — 
wet "466 5\ 8805 2 et! 9294 Tae oo } 
1 - 3 ge | C : "© 33 3 ; ; 
2 | 46676] 98053 4252 51376 94951 553334 4 
3 | 46717| 38048 4866 51311] 1982] 332830 57 
4 | 46753] 9 4874] $3236] | oi9g0 | 5324 56 
$ | 46800 o| 4759} $3241] 21960 53200 55 | 
| 6 | 45841| g8036| 48854] 5311796 039% : + $3159]; 54 
7 | 4.88. 8803-40 gir5r| oxg6s| 33718 53. 
| $ | 46923] diese 48] 5496} , 01973 | , , 53077] 53 
9 | _ 46964 | 9802 i939] 51003] 03975 | | . 
| 30 |$47055| 10. 51016 10.01979, 2 . 52995 58 
1 50971] 81953 62954 49 
13 | ; 47986 509271 521987[  $2934| 48. 
13 |- 323] $0882] 01991] - 32873] 47 
14 ;f 56837] o2995| 32833245 
| 18 | 50793] 91999] - 52791] 45 
1 16 5974 p2003| $2751| 44 
1 27, 507031 2007 32710 43 
118. 8 50659 oa 52670 42 
181 1 - $0614] _o2014| _ 52629] 41. 
1 20. 9.47411 97 5785 49430 10.597 10. 02018 10. 52 588 40 
24. 47452] +9797 49474] 50526 o02022| . $2548] 39 
an. | : 47492 | ' 97974 | 49519 50481] 02026}  g2508| 38 
25 } - 47533] 9797 49563] 52437] 02039 52467 37 | 
| | a4 | 47573] [97966 | 4% 50393] 020341 $2427] 36 | 
| 25. | 41613] 9795 45651] 50348] 02038] 52387}. 35 
| 2b | -47654| '97958| 4 59304| , 02042| 82346 34 
"| 27. | . 47694] :97954| 49740] 59260 02046| 52306] 33 | 
| 28. $9734 : 97959 49784 50216 | 02050 $2266 32 
1 774 794 40828 88172 020 5222 . 
4 9+ 47814 | 9+ 97942 | g. 49872 $ 39> $9390. { = | == 30 
31 | 47854| 97938 | 49916] 50984 | 02062) $2146} 29 
3247894 57934] 49966 49040 | 02066] Satzes 28 
1 33 | 47534 -97939| gaoos 49996 | 02070 52066 27 
36 | 47974| 97926| Foods 49952 | 02074| $2026] 26 
35: | 48014] 97922] googz| 49908] 02078). 31986 25 
| 36. | 48054 | 97918] Foarzs| 493864 | o2082| 579460 24 | 
37 094] 97914| 3080] 49820 | o2086| 51956 23 
| 33. | 48133| 9g79i0| 50223] 49776 6209 51867] 22 
32 | $8773] 91996 | 50267| 49733 | ©2094| 1827) 21 | 
-—"Y 9 48213, 9+ 97902 [g. 50311 10. 49689 10. 02098 10. 51787 20 
41 | 48252] 97898] 50355 49645| 210 51747] 7 
4. | 48292} 97894| cozgs8! 49602 on06| 52705) 3 
43 46332 97890 50442 49558 0211014 51668 17 
445271] 27886] 35485 49575| 02114| 55629 16 
4548411 27882 F0529 49% 62228] 52589 [15 
4840 9787] 50572 49428] 32122 31550 4 
| 2 48459 97874] F016] 49384] 62126 51510 33 
. 97870} 565% 45 821% 51477 73 
a2 $8568] 97866 | 50703 | 4297 | OM | S132 211 
58 | 9- 48607 |.9. 97861 f 55746 10. 49254 10.02139 | ' $1392] 39 
51 43647 | 97252] 50789 492711] 02143] $1353 : 
5» | . 48686 |  978:3 3033] 149367] | 02347] 31344 
$3 | 48725| 97849 To876} 149124] , oangr| S275) 7 
34 | 48764] 97845 —— 49081 ; o2155| , $1236] 6 
| 55 | 48303] 97848 62 49033] 60379 37792 5 
56 [48842] 97837] Fioog 995] 4 02 511580 4 
57 | .4888r | $7833] Frogs 48952] | 02167) ging} 3| 
58 | 48920] 97829] 51092 43908] 62171 00 2 
39 4952 . 97825| 57135] 43865 | 02275), $1047} * 
WO 3: 43998 | 27821 52178 48822 2122]. $1002 2 | 
ECC 


D 
3 

4 » 
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wo WY nun wu 
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1575 
97 


» — 


— 
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B 
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e of Artificla? Sines, Tang, and Sec. 18 


46756 _02385: 


„fine. | Tangent 
727 {9.51178 | 
317 51221 
97812 51263 
52 $1366: 
| 99804] 51349 
| 97809 rer 
277986 51435]. 
97992 | 51478 
' $7783 | 51520} 
2 5.555 5 
9.97779 9. 51606 | 
977731648 
9771 5169 
27767 31734 
97763 51776 
97759 F818 
4 | Peet 
9775 1903 
97746 51946 
2 
9.977389. 52031 
97733 $2075 
97729] Farrß 
97725 $2157 
97721[ 52199 
' 97777 | $2242 
97713 52283 
9778 52326 
97704 22368 
97700 | $2410 
g- 8 524 52 
97691[ 52494 
| 37685 3253 
97685 28755 
97679 F520 
97674 52661" 
976 3270 j 
97666 52745 
97662 52787 
97657 | _ 52828 
9. 52870 
97949 52912 
97645 52953 
9764 62995 
97636 53037 
97632 53078 
97627 53120 
97623 53161 
97619 53202 
97615 3244 
9.976109. 53285 
9760 53327 
97502 J3368 
HE $3499 
| 53450 
97589] 53492 
97584 5353 
97580] 53574 
97576} 53615 
97571| 53656 
1 97567 - $3698 | 
J. Sine. 0 Costang. A 
Rr 2 


„ Secant, To-Tecant. * 
10. 02179 fo. 51002 ' 
0218 30963 
o218 5 * | 
da192 50885 
02196 350847 
©2200 | go808 
02204 | $0769 
©2208 | 50730 
©2272 | 50692 
4 10. 02221 P10. 5061 5 
02225 | 30576 
023229 | 50933 
03243 | 50500 
— 7 | 
0224 0423 
02246 30385 
02250 | 50346 
054 02254 5908 
_ 48012| 2238 80272 
T0. 47965 10. 028 10.3452 
02271 50156 
0 275 gons 
. ©2279 50080 
52283 F0042 
02287 | gooog 
' 02292 | 49966 
| ©2296 | 49928 
23300 | ___49990 
10. 2304 10. 49352 
O2 49815 
023134 49777 
02317 49739 
02321 49702 
221 * 49654 
92330 49626 
32334] 495329 
©2338 + $9551 
477711....233434 ...49514 | 21 
10. 02347 | 19. 49477 
©2351 49439 
92355 49402 | 
02360 49365 | 
02364 | 49327 
. 02368 49290 
02372 49253 | — 4 
; 02377. 49216 13 
| 02381} 497/79] 12 
49741 | It. 
o. 02390 10:491c4 | 10 
602394] 49067 | ? 
02398 | 4900 
02403 43993 7 
a | 
I = | 
02416) 488824 
02420 | 48846 | 3 
| 02424 4809 2 
_ 48772 4 
3 . ; a 
| Co-ſecanc]. . 


A Table of. Artificial cial Sioes, Tang. and Sec. 19 Prgrees. 


74 
1 


70 Degrees. 


M. Sine. 12 — \_Tang._ Co-fine. Secant. | Co-ſecant,” 
2 57766 9.97 567 | 9. 53697 | 10. 46303-| 10.6771 
x | 81301 97563 $3738 | 46262] 62437 
261337 97558 53779 46221} | 02443 
3 | 81374 97554) 53820 46180] 632446 
449755» $386x| 46139] 824850 
5 | +$1447| 97545 53902 46098] 02555 
584484 | 97541| $3943 45057 02459 
: 7 | $2540] 97536| 539 46036 | | 0246; 
, 8 | 51557 | 97532| 54924 | 45996.] 02468 
[2 | 55593 | _97528 | 54065 | 45935 | | 03493 
10 9. 9.51629 9 5 97524 9.54106 10. 4389410. 02427 
It | 52666 97519 54147 4585333 I | 
12 - 51702| 97514 54187 45812| , 02485 
4 23 | - 53738] 97510| $4228.| 45772] o2490 
j 14 | : $2774] 97506 54269 | 45731] £2494 
| 75 | - 52831 | 9750T1| 54399 | 45hgr| 02499 
I6 31847 97497| 54359 | 45659| | 02503 
I7 | - $1383] | 97492| 54390 | 45610] gagos 
18 | © $1919] 974383 '$54431| 45569 I. 
12 52955 — $4477 22 —— +44 
20 9991 9.57479 9.584512 10. 4548810. 02521 
21 32027 9775 343552 45448 | 02525 
2252063] 97479| 54593| 45% | 02530 
23 | 82099 97466) $4933 | 45367 | 02534 
24 | 82135 97461| $4673] 45326) 02539 
| 25 $2371 | 97457] $4714 | 45286] 02543 
15 $2207 | 97452| 54745246 02547 
27 | - $224%| 97445 | 54794 | 45206] o2552 
} 28 | . 52278| 97444| $4335 | 45165 oz556 
_»9_| 52314 | 97439] 54575 | 45125| . 02561 
39 |9-$2350 | 9. 97435 [9+ 54915 10. 45085 10. oa 565 
31 | 32335 97430| $4955 | 45045 2570 
32 | 52421} 97426 54995 | 45005] 02574 
33 | 52456 97421| $5035 s| 02579 
3+ 2492 | 97417] $5075, | 44925] 2583 
35 $2527 | 97412] 35115] 44885 02588 
36 | $2563] 97408 55155 44845 02592 
37 | 32598] 97493] 55195. 44805} o2597 
338 | $2634| 97399 35235. 44765| o2601 
| 39 |__52669| | 97394 | ee _ ©2606 
— —— | —_— ny 
} 49 |9-52705| 9-97390|9-55315 [10.44585 [x0. 02610] 
| 47 | . 52740 | 97385} 53255. 44645 ozG6ag|. 
| + | 52775] 97381] 55395] 44505] 026191 
4 43 | $2810] 97376] 55434 | 44566] o26244 
++ | 52345] 97372] $5474. 44526| oa628] 
j 7 | 52881] 97367} 55514 44486] 02633 
| 46 | - 52916] 97362| 55554. | 44445] 02637 
x $2951] 97353] 55393 44407} 0264: | 
I * 52956 27353] 55633 44267 2 7014 12. 
12 222224422 oz65r| 46979] 11 | 
j 59 9.538569. 97344 9. 9.55712 10. 44288 | 10. T0. 02656 '10.46943 | 10 
| 58 s30% | 97340| $5752 44243 02660 | 456908 9 
g2 | $3126] 97335 55791 209 | o2665| 46873 8 
$3 | . 53361. 97333] $5831, 44769 azbbg| 46839] 7 
54 | - 33796} 97326] 55870 44730 oz674|| 46804] 6 | 
| 8 | $3231] 97322} $5910 | 440go| 02678 467699 5} 
15 53266 97317 | 55949 | 44osr | o2683] 46734] 4 
- $7 | $3301} 97312| 55988 | 44011 02688 46699] 3 
58 | $53336| 97398 | $6028 | 43972] o26gz] 46664| 2 | 
[ 59 33370 97303 56067 43933 02697 46630] 1 
bo | 53495 | _ 97299| 56107 | 43893 | 02701 45595 |= 
1 une + "Sine. Co rang. Tangent. } Co Co ſecant 12 decaut. I M. 
— , YN 


* —— —— 


A. T of: ArtifiGat ines; Tang. and Sec. 


659 Degrees, 


— 


nn 


f 


N. Sine. Co-fine. Tang. Oo tang. 

0 9.534059. 972999. 510% [10142897 

123344 99294 561446; 18257 

4 2 | 8327289 561835 1815 

J 383889 37285 36224 774. 

421 53844] 97280] 56264] 43736 

3337 97275| 56303 438597 

5836423 97271 56342} 43658 

21 53647 97266 56382 3619 

383682 37262 56420 43580 
2.2264 43541 

10 9.537529. 97252 9. 56498110, 43502 

1211 ||  $3785| 97248 56537] 43467 | 

: x2. | 53829 | | 97243] 56576] 43424| 

13 © $3854 | | 97238| 56825 3385 

143588 | 97234] 56654 3346 4 
15 53922 97229 56693 43507 | 
. — 32233 $6932 3268 44 

18025 27225 56810, 43290 278, 3 42 

0 19 | 34059 | { 97210 5349 | 43157 02789 '4 5941 9 
; £9. 9.540949. 97206 | 9. 56887 110, 43773 10. 2794 10. 45958 40 
21 | - 54127] | 97201 $6926 43074 | 02799] | 45873 35 | 

| 24 þ © 92 |, 992 56965] 43935 | oz804\ 43839 38 | 
' 23 | © $H9S| 97192] 57003) 1255 02808] 45⁰ 37 
434279 | 97287] 57042938 , 02823] 43771 6 . 
; 25 | $4263] 97782 576 442919 02828 45737 % 
| 26 | ; $4297 97178 $7120 42880 o2822 ' 45703 +- ; 
27 | $4337 97173 57158 42842 02827 45669 1 1 
28 54365 97268 57197 42803 02832 4363 5 125 ; 
22. | £399] 1.97363] 57235 | 4x765| ioa837 _45601| ar | 
39 954432 9.971599. 57274 10. 42726 10.02841|10. 45567 30 If 
, 3r | »'54496| 97284] 57312] 426388 032846 45534| 29 

; 3n | © $4590} | 97349] 57351] 4z649| o2851] 45588 28 
; 33 | * 54534] | 97445] 57389] 42611 onz855| 43486 27 
3484567 974 57428] 42% 032363 45433 a6 

| 35 | ©:54691] | 97235] 574664 42534 | o2865: 4535 % 
; 36 | » $4635] | 97830] 57 44 287% 453850 23 

| 37 | 254863] 97226] - 575834 44% | 02874) 433 ar | 
, 38 | 54792 |; 7221 57581 | 4241 02879] 482 2} 
: || | 9 279] 45298] 22 
. 42287 Q , 45265 | ar | 

} 40 9.54759 9.97111 57658 10. 2342 10, 02889 f +452: . 

i 42 54802 97106 1 57696 —— andy * Gang oe Þ 
| 42 | © 54836] 97702 57734 Tet oz898] 45164 18 * 
43 | 4869 97097| 57772] 42228 02903] 45731 17 
#4 | 549931, 270 % 578101 4 0290 409% 16 
45 |  54935| 97087 37849 — 629713] 45064] 15 
4684959 97083 57887 442113 02917 | 45032 | 14 l 
+} | 155903] 97078] 57925] 42 02922 44997 77 | 

148 55036 97073] 57693. 42037 | 02927 44964 12 
2e 414922 042932 44931 12 

| 59 49+» 5510219. 97063 | 9. 58039 10. 47967 |10.02937 10. 44898 10 
57 | $5336] 97059] 5Bo77| 41923] 629% 443844 og | 
; 32 | 53169] 970954| 558156 41385 62946 443371 3 

t 33 | $5202] 97049] 5Bigz] 44 62944798 7 

; 3 | 353351 97044] SBigz| 418 02956 44765| 6 

| 55 | $3398] 97039] 58229] 4½7 [ ozger| 44 
56 | $5301] 97034] 58266] 44733 2365 44399 2 
537 | 53334] '97030| 58304] 41656 | 62970 44666 3 
58 | $5367| 97025| 58342| 41658 02975] 44633]. 2 
59 | 354 97020] 5838 47626 | oag80| 446d e x 
=> 35433 |_ 9702 | 58428] qr5$2| o2985| 4467 ©. 

Co-tine, 1 Sine. Co- tang. Tangent. Sa Secant. ö M. | 


ata - 


7 


—— 19.9.0 


* ** — ” 
* 


41544 

17257 
41469 
11431 


ble-of Artificial Sinee, Tang: and Sec. 42 B 
— — ly 


2 r 
10. 47582 


2 
0G mr rele nt 


angent 


Co-ſecant | 


68- Degrees, 


£3078 | 1 43947 

10. 40833 1.20. 03083 £14, 43974 
40795 81 43832 
427571 ie 43850 
720 | 03097 | |: 43818 

3] . 63702 | |. 437985 

— cgron | | 49753 
4060 327 
75er, | 43689 
122 43657 
2 
10 49460 . 03232 6847592 


2 28 8888 


4 
Werne 


8885 


sar aun dlata ges 


sus BA NATA SN 


bu 
— 


„ — 


; | — warns 
0 uw Bw may acovofyvrw 


67 Degrees, 


4 Sine, Co. fine. 7 | Co-tecant, © 
9.57358 9.96717 | 10. 42642 | 66 | 
37389 7 96702 , 42617 | 59 
24. 25 2 
- |, 574 86780 ir 
. 87482 866596 60786 42528 56 
|: $7534 | - 96691 42486} 55 
, © 57545 | 96686 | 42455 54 
5735786 86681] 6039 1 , 02424 | 53 
. | - $7697 | | 96676] Sohn 3 423923 52 } 
_ $7638 | _96670| Gogby| 39033] = a3330| ' gazbz\ cr | 
9.57669 9. 96665 | g..6x004 | 40. 38996| 10. 03335 | 10. 44332 50 | 
' $7700 | 9666 Grogo| 38956 63346 qnzoo} ay | 
$7731 | 96655 | 61076] 38924| 03345| | 42269} 4 
37762 96650] CTT 38888 03359| 42238 
57793 | 96645| Fires] 38852] 03355| ' 42207] 46 
$7824 | 9 61184 38816] 3380 ⁵ 42776 
' $7854 | 96634] 61220 38780! , 03366 42145 | 44 
, "$7885 |. 96629] 61256} 38744] 03372: 19 
57926 | , 96624. 6rags| 38 e 
* R = N. 4 — : or s 18 - 
3h 
| ES 
8]. | 35 
626273 3 
| 32 
233. 86867]. 61682] 38313 23423] 41747 U | 
9+ $8284 | 9.96562 | 9.61722 10. 382780 10, 03438 10. 41776 30 
58314] 96556 61758 38242 03444| 41686| 29 
583445 | 96551 | 61704 38266 03449] 41655 28 
58375 96546 61830] 38170j 03454] 42625 27 | 
. 584 96547| G61865| 38135] 03459 42794 | 6 
58436 26535 62901 38099] o3465] 41 25 f 
| $8467 | 96530] 61936 38063] o3470] 41533] 24 
58497 | 36525] G1972| 38028] 03475] 41503] 23 
58527 | 96520] 62008| 37992 03486 41473 | 22 | 
58557 | 96514 | 62043| 37957] 03486] * 41443 |. 27 
9. 58588 | 9. 96509 | 9. 62079 | 10. 37921 10. 0349110. 41412 | 20 i 
58618 96504 62114 37386 03496 42332 | 19 | 
58648 964938 621 50 37850] o8502 | 413582 | 78 
58678 96493] . 62185| 37815] 03507] 47217 
58708 96488 62221 37779 0352] 4129776 f 
58739 96483 62256 3774] 63517 4726115 
46 38769 96477 . 62291) 3778 23523 41231 14 
47 799 96472 6232 37673 03523 41201 | 13 
48 | 58829| 96467 | 62362 37638 03533 41171 12 
.eu. 
50 9. 58889 96456 9. 62433 10. 37567 10. 03544 1. 4111 | 10 
51 58919 96431 62468 | 37532 03349 4081 9 
52. | $8949| 96445 62504 37426 63555] 4s 8 
53658579 986440] 62539 37461[⁰ o3560] 410212 
54 [59009 96435 62574] 37426] 3565 40% % & ' 
55 | 39039] 96429 626 37391 . ©3591] 40961 5 | 
| 5® [59069] 96424| 62645| 37355| 03576] 40931[4 
$7 [59098 96419 . 62680 | 373200 6358 24 5 | 
38 | 59128] 96413] 62715 37285] 3587 0872 | 2 
| 59 | - $9158] g6408| G62750| 37250] 03592 2 42 
—. 25 |. 96403| 62785 | 3721,| 882]. 421 28. 
| C1-fine V Sine. Co-tang Tangeant. ] Co-fecant ant, | M. | 


N "OF 


[N.] Sine. |Co-fine. Tangent G Co-rang. [;' Secant. : 
> i — er IP — —— nconed 5 
_—_ : ©: | 9. 59188495 96403 | 9, 62785 | 10. 37215 | 10. og 39710. 40812 60. 
I :59217| | 96397 |. 62820 37180] 03603] 40782] og | 
N L 897 ' 96392| 62833] 327145 340753 58 
I. 3.] 59227] 9686 62898] 79 03613} 4723 57 
35327 | g633x| 629254 39074} 63619] 40693 56 | 
& . 1 8 5932 96376 62961 37039 036244 40664 55 |: 
535366 96370 62996 37004 03630] 40634 54 
I 17535396 56364] 63032) 35969 03635| 4%, 55 f 
35425 86366 63066 365934] 364 40575 5 
90 $9455| 26354] 63101 899] _. 03646] 4o545| 51 Þ 
' 10. | 9. 594849. 96349 [. 63135 | 19. 36865 | 20. 03651. r 50 
1139514 96343 3170 830 ' 03657 | 40486! 49 
| 12 | 59543] 96333] 63205] 36795] 63652 :40457| 48 | | 
. 13639573 36333 $3249] 36760] 63667 40427 


8 47. 
14 | 59692| 96327] 63275] 36725] 03673] 40398 46 | 
| 59632 96322] 63310] 366g0| 03678 1.4036 
1 16, 59661 96316] 63345] 36655] 03684| 40339 44 
1739690 96311] 63379] 36620| 3689 -40320| 43 
118 963056] 53414] 36586 36956 4280 42 
19.2242 28308442 363 8428 4 
20 5, 5977 79.562949. 63484 | 10. 36516 10.670510. 442 
\ 2x | 59808| 36289] 63518“ 36431 60371] 40192 39 
22 309837 36284 63553} 36447 3716 4463 38 
2359896 | 96278] 63538] 36412] 03722) 40134 
24 | 59895| | 96273] 63623] 36377] 03727| 40105} 36 
\ 26 39924] 96267 63657] 36343] 03733] % 35 | 
| 26 | - $9954 | 86262 63692 363056] 03738| + 40046 
27 | » 59983 96256 63726] 36273] 03744 | 40027| 33 
2850012 96253} 63761} 36239] 03749 39988 | 32 
29 | G6oogr | . 96245| 62796} 36204| 03755| 32232 31 þ 
"20 | 9.60070 | 9.96240 | 9.63830 | 10, 36170 | 20.03760 | 19. 39930 t 
31 60099 962 63865 36135 03766 39901 
32 [60128 9622 63899] 36101] 603771] 3987228 
3360157] 36223 $3934} 36066] - 03777] 39843 27 
34 60186 96218 63968 36032] 03782] 359214] 26 
35 | 60215 $6212| 64003] 35997] 3788] 39785 25 
8 | 35963] 03793] 39756] 24 
37 | 60273} 96201 64072] 35928) 03798] 39727| 23 
38 | 60302| 36196 64106 35894] oz804| 39698] 22 
39 | 60331 |; 96190] 64140] 35860] o3810| 39669 21 
40 9. 60359 | 9.96185 9.64175 | 10. 35825 10 03815 | 10. 396421 | 20 
4160388] 96179 64209 35791 03821 39612 | 19 | 
42 60417 | 96174| 04243 35757 03826 39583] 28 | 
43 | 60446 96168] 64278] 35722] 3832] 39554| 17 
44 60474 96162 64312] 356881 03838 39523 16 
45 60503 936157] 64346 35654) 03843] 394971 25 | 
35619] 03849 39468 14 | 
| 35585] 03855] 39439] 23 | 
6o589 96140] 64449 35551 03360 39411| 12 
4 49 60618 | 96135] 64483 35517 03866 30382 . 
50 9. 60646 | 9. 96129 9. 64517 | 10. 35483 | 10. 03871 | 10. 39353] 10 


0 
x 60675 96123] 04552] 35448) 03877| 35325 9 | 
” $0704 ; 96118 | 64586 35414 038823 39296 e 
53 | Sozzz 96112] 64620] 38538] 03888] 39268 7 
| 54 | 60764| 96 64654] 353460 03893] 39239] 6 
\ 55 | 60789| 960] 64682] 385312 63999 39211] 5 | 
56 60818 |. 96095] 64722 352784 03905 39382] 4 
57 | 60846 | g60go| 64756] 35244] 6391 39154] 3 
| 58 | 60874} g6084| $4790 35219 03916 39125| 2 | | 
| 59 | 60903} 36079 64824 | 35776 03921 | 539697] ? 
| 60 | 60931 | 96073 _ 648538] 35142 3 4390690] © ( 
.T . ©  t Co-tine, | Sine. 1 Co-tang. Tangent. ] Co-ſecant | Secant. ! NI. 


W 


A et Angel Sines, Tang: and Sec. 24 Dagrees: 


M. | Sine. | Langent. 1x Co tang. | Secant. | Co-ſecant., 
— [9.60931 9. 64858 | 10, 35142 | 10. 03927 10. 39059 
80 60960 64892 35108], 03933 39949 
'2 60988 67926 35074] 93938 * 

4 627016 64960 35040] 693944 33984 
4 | 61045 64994 | 35006]. 03956 38955 
5' | 61073 65028] 34972] 03955| 33927 
6: 61101 65062 34938 03961] 38399 
7 61129 65096 3494 33566 38871 
$ | 61158 65130] 34870| 03972| 38842 

<6 61816 65164 34336 | 3978 38814. 
o |9. 61214 | 9. 65197 | 10. 3480310. 03983 | 10. 38786 

611242 55231] 34769 33989 38758 
61270 65265| 34735| 93995| 38730 

61298 65299 | 347061] o04c00| 38702 
61326 65333] 34667 01006 38674 
61354 65366] 34634] 04012| 38646 

61382 65400 34600 04018 33617 
61411 65434] 34566] 64023 38589 
614.38 65467] 34533] 4029 33561 

._61466 6550T| 34499 |___ 24935 | __ 38534 

9. 61494 9. 65535 | fo. 34465 10. 04040 | 10. 38506 

61522 65568] 34432] 04046| 38478 
61550 |: 65602] 34398] ogogz| 38450 
61578 65636 34364 | ©4058 38422 
61606 65669| 34331] ©4063] 383394 
61634 65703] 34297] 64069] 38366 | 
67662 65736] 34264 04075 38338 
61689 65770 34230 04080 | - 38311 

23 61717 65803 34197 04086 38283 
| $2745 65837 | ___ 34363] __ 04092 | __ 38255 

9. 61773 9. 65870 10. 34130 19.04698 | 10. 38227 | 
61800 65904 34096 04103 38200 
61828 65937 34063 04109 38172 
618 56 65971 34020 04115 38144 
61883 6600 33996 041231 33117 
61911 660388 33962 04127 38089 
61939 66071 33929 04132 38061 
61966 66104. 33396 04138 38924 

61994 66138 33862 04144 38006 

62021 66171 33829 04150 37979 

— — ——— — — — — 

9. 62049 9. 9. 66204 | 10. 33796 10. 04156 | 10 37951 
62076 66238 33762 04161 37924 
62104 66271 33729] 604167 37896 
62131 56304 33696] 04173] 37869 
62159 66337 336633 04179] 37841 
62186 66371 33629 04185 37814 
62214 66404 33596 ©4190 37786 
62241 66437 | 33563] 04196 37759 
62268 66470 33530 04202 37732 
62296 66503] 33497 04208 37704 [11 

9.62323 9.66537 10. 33463 10. 04214 | 10. 37677 | 10 
62350 66570 33430 04220 37650 9 | 
62377 66653 33337] ©4225| 37623 8 
52405 66636 33364] 0423i] 37595| 7 
62432 66669 33331 04237 37568 6 
62459 . 66702 | 33298] 04243 37541 | $ 
62456 | 6673 33265] 4249 37514} 4 
62513 66768 | 33232] 64255 37487 | 3 
62541 66801} 33199 04261 37459 2 
62 568 66834 33166 04257 37432 1 
62595 66857 | 331320 04272 | 37495 _o| 

Co-line. Co-tang. ). Tang. GS Tecane: Se cant. M. 


8 1 


55 Degreer, 
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* 
- 
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Table of Artificial Sines, Tang: and Sec, 25 D 


PE een Pr Ir ß ß 


— | Co-tine. | Tang. |Co-rang. | Secant., 
o | 9- 6u4 9.95728 9. 66867 | 10+ 33133 | 10. 04372 
1 95722 66900 323100] c 4228 
2 95716 66933 33067 043284 
3 95710 66966 33034 604290 
4 . 95704 66999 33001 [ 604296 
8 95698 | 57032 32968] 04302 
6 95692 Voss 32935 04308 
7 95686 67098 32902 4314 
58 95680 | 6713 32869 04320 
9 95674 | 67163 32837 04.326 
10 956689. 67196 10. 32804. | 10. 04332 
11 95662 67229 32771 04337 
12 95657 67262 32738] 04343 
13 95651] 67295 | 32705 04349 
14 95645 67327 32673 34355 
15 95639 67360 32640 04361 
16 95633 67393 32607 | 04367 
12 95627 67426 32574] 04373 
18 95621] 67458 32742] 04379 
19 95615] 67491 | 32509] 04385] 
20 33 9.95609 9. 67524 10. 32476 10. 04391 
21 95603 67556 32444. 94397] 
22 9559767589 32411 04403 
23 95591] 67622 32378 04409 
24 95585 6654 32346] 04475 
2 95579 67687 32313 04421 
2 95573] 67719 32281} 04427 
27 95567 | 67752 32248 04433 
28 95561] 67785 32215] 04439 
29 | _95555] 67817 32183] 04445 
30 9.955499. 67850 10. 32150 | 10. 04451 
3 95543} 67882 32118 04457 
32 95537] 67915 32085 04463 
33 95531 67947 32053 04469 
3+ 95525] 57979 | 32029} 04475 
35 955191 68012 31988 04481 
36 95513| 68044 31956 04487 
37 95507 68077 | 31923] 04493] 
38 95500] 68109 31391 | 04500 
39 95494 | 68142 318 58 04.506 
40 9.954889. 68174 10. 31826 10. 04512 
41 95432 | 68206 31794 04518 
4 43 95476] 68239 31761 04.524 
43 93470] 68271 31729 04.530] 
4+ | 95464] 68393] 31697 | 04536| 
45 95455] 68336 31664 o4 542 
5 | 95452 68368 31632 04548 i" 
47 95446] 68400 | 31600] 04554 
48 95449 | 63432] 31568 o4 560 
49 954341 68465 31535 04566 
50 9.95427 9.58407 to. 31503 | 10.04 573 | 
51 95421] 638529 31471] 04579} 2 
52 95415] 63561[ 31439] 04585 *; 
53 95409 68593 31407 o4 591 7} 
54 95493] 68626 31374 04597 0.) 
» 55 95397 | - 68658 31342 4603 5 
56 95391 63690 31371 04699 + 
$7 95334 | 68722 3127 04616 3 
58 95378] 68754 31246 | . 04622 4 
59 95372] 68786 | | 31214 | © 04528 1 
60 95366] 68818 31182] . 04634 | 3 
Sine. Fon rang. Tangent. Cocſecant. Secant. | M. 
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tb Table o of Artificial Sines, Tang. Ss Sec. 26 De es. 


8e S MO If 


- 

— —Ʒÿ6w — — ——— . — 40 — 
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4 
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3 
* 
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63 Degrees. 


Co-fine. Tangent { Co-tang. Secant, Co ſecant "i 
9-95360 9 © 68818| 10. 31182 | 10. 04634 10. 35816 
535360] 688 50[ 31149 04640} 35790 

95354} 68532] 31118 04646 | 35764 
95348] 6891 | 31086 046 52 35738 
95341] 6894 31954] 64659] 35712 
95335] 68978]. 31022} o4665| 35687 
95329] 69010 3oggo | 04671 35661 
95323] 69042] 30958] 04677] 35635 

935317] 69074] 30926] o4683| 35609| 
. 2530 69106 30894 04690 35583 

9.95304 9.69138 10, 30862 | 10. 04.696 10. 35558 
8] 95298| 69170] 30830 o4702] 35532 

95292] 69202 30798 04708] 35506 
95286| 692344 30766 64714] 35481 
95279| 69266 04721] 35455 

95273] 69297 04727 | 35429 
95267] 69329 04733] 35404 

5261 69361 04739] 35378 

95254| 693933 04746 | 35353 

95248 694255 047 52 35327 

9. 95242 | 9. 69457 | 10.39543 | 1004758 |I0. 35302 

95236| 69488 30512 | . 04764 35276 

95229| 69520 30480 | 04771] 35251 

95223] 69552 30448 04777 | 35225 

95217 | 69584] 30416 04783] 35200]. 

952110 G6g6r15] 30385 91759 35174 

95204 69047 303353 0479 35149 

95195 679 30321 04802| 35123 

95192 697 10] 30290 04808 35098 

98185] 69742] 30253 o4815| 35073 

9.95179] 9.69774 10. 3022610. 04821 | 10. 35047 

95173] 69305 | 30195 04827 35022 

95167] 69837 30163 04333 4997 

95160, 69868 30132 04840 4971 

95154| 69309] 301 604546 34946 

95148] 69932 30068 | 04852 34921 |. 

95141, 69963] 30937 4859 34896 

95135] 659995 388805 4865 34870 

95129] 70026 29974 04871 34845 

95122] 70058] 29942 048378 34820 

9.95116 9. 70039 | 10. 29911 | 10. 04884 | to. 34795 

95110] 70121] 29879 04890 34770 | 

95103] . 70152] 29848 04897] 34745 

95997] 70184] 29816 04903] 24719 

950 9 0 70215] 29785 04910] 34694 

950844 70247 | 29753 04916 34669 

95073] 70278] 29722 04922 34644 

930717] 70309. 29691 04929 34619 

95065 70341] 29659 04935] 34594 

... 1 200804 cog)” 14509 | 

9: 95952 | 9-70006 10. 29596 | 10. 04948 [10. 34544 | 10 

- 95046! 70435 29565 04954] 34519 9 

95939] 70466 29534 04961] 34494] 8 
95933] 72498} 29502 | 04967| 34469 4 
95027] 70529]. 29471 04973 34444 
95020] 70560 29440 04980 34419 5 
950144 70592 29408 4986 34395 4 
95207] 70623 29377, 04993] 34379] 3 
95501] 70654] 29346 | O4999| 34345] 2 
94994 70685 29315 05005| 34320] 7 
94988] 70717] 29283 — 25012 2221 
Sine. C. "tang. Tangent. Co ſecant I Secant. * 
7. 1 4 05 


* 2 — 


A Table of Artificial Sies, Tang, 1 Ser. 2 TY 
[ = "Sine. To- Hase. Tang. Co-tang. Secant. 15 1 
2 50- 9. 65705 9.94988 9.7071) 10. 29283 | 10. 05012 re es | 
0 x | 65729 94982| 70748 29252 os? 434270] 59 
1 2 65754 94975] 79779| 297 5 34246 58 
3 3 65779 94969] 70810 29190 531] 34221 57 
4 65804] 94962] 70841 29159 05038] 34196 56 
i 5 | 65828] 94956| 70873] 29127] 5044] 34172] 5 
. * | 6853] 94999] 008 29096| ogogrt) 34147 | 5, 
* 7 | 6:878| 94943] 70935] 29065| ogog7] 34122] 53 
- 8 | 65902| 94936 e 290344 05054 34097 52 
J {29098} 050 | gn 
10 | 9.65953 | 9.94923 |9- 71028 10. 23972 10; 05077 fle. 34048 | 50 
ir | 65976] 94917] 71059 28941] 05083 340241 49 
12 66001] 94910] 71090 28910 —o 5089] 33999 48 
| x3 | 66025 34904] 71121] 28879] 685096 33974] 47 
14 | 66050] 94898 | 71153) 28847 | ogroz| 33950 46 
=T: 66075 94891 71184 28816 05 109 33925 45 | 
= 66099 | 94834 | 73215] 28785] 35125[ 33gor] 4 
17 66124] 94878 71246 287544 5122 355 43 
4 18 66148 | 94851] 71277] 28723] 05129 33882 42 
"4:29 | 66173) 94865f 72308}. 28692] ogr35|_ 33822 41 
20 9. 661979. 94858971339 10.286617 10. 0514210. 33803 40 
| -\-2r | 66221 94852} 71370] 23630] ogrg8] 33779] 39 
"22 | 66246| 94845 71401| 283599] 5155“ 33754] 38 | 
7 23 66270 94839] 71431 28 568 05161 33730 37 
PV 124 66295 94832 71462 28538 05168 33705 36 
Rs te + 94826 4 23507 5174] 33681] 35 
4. ; 28476 05181 33657 34 
28445] ogi87] 33632] 33 
284144 05194] 33608] 32 
28383] 53251] 33584] 31 
8 28352 10. 05207 10. 33559 30 
42 28321] 5214] 33535] 29 
+ 37 28291] 5220 33511] 28 
T7 us 28260 o5227| 334371 27 
44 : 28229] 05233] 33463] 26 
+ 3% 28198] o5245] 33438 25 
: 36" ng - 05247 | 33414] 24 
* 22 95253 333992 23 
28106 7 720 22 
9 28075] 05266 333-21 
40 9.666829. 947279. 72955 10, 2804.5 10. 05273110 33348 20 
1 41 66706 94720 71986 280144 5280 33293] 19 
4266731] 94714] 72017 27983] 05286 33269 | 18 
4365755 947% 72048] 27952] 65293] 3324s] 17 
44 | 66779| 94708] 72078] a2792zl ogzoo| 33221] 26 
45 66803] 34694] 72109 278911 53306 33197] 15 
| 46. | 66827 | 94687| . 72140| ; 27860] 65313 33173|-14 
47 | 66551 | 94680] 72150 27830 05320 33149 13 
4866375 94674] 72201 27799] 5326 33125 12 
42.688822 246557223 22298 
5 1 50 9.66922 9. 946609. 72262 10. 27738 10. 5340 10. 33077] 19” 
5166946 94654] 72293] 27707] 63346] 33054 7 
| 52 | 66970| 34647 72323] 276781 63353] 33030 
53 66994 94649| 72354| 27646] og360| 33006] 7 
54. 67018 | 94634| 72384 27616 | | ©5366 32982 6 
5s 67042 94627 72415 27585 05373] 32955] 5 
56 | 67066| 94620 72445] 27555] 05380 2915 4 
57 67090 34614] 72476] 27524] 05386 32887 3 
. 58 | -67113-| 94607 | 72596] 27493] 05393] 2 
59 67137 946 72537] 27463] 05400 32863 1 
bo } 67161 | 94593 . 27433 . 328321. 
Ee 1 tine, Sine. [Co rarg.* Tangent? | Co-ſecaut | Secant. M. 
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A Table of Artificial Lines, Tang, and Sec, 28 Degrees. 


. CO EO 


* Sine. { Co-fine Tang. — Bac Secant. Ts — — — 
EE 9. 67161 | 9. 94593 |[9-72567 10. 27433. 10.575 10. 32839 60 
x | 67185] 94587] 72598 274 65413] 32815 59 
2 67208 84580] 72628] 27372] ogqzo| 32792 58 
37232 84373 72659 2734 547 3768 57 
3.7 $0 94567| 72689. 27256 05433] 32744] 56. 
5 | $7280| 94550 72720] 270% ogggo| 32720| 55 
6 | 67303| 94553] 72750 | 27250 0844.7 32697 54 
"7 67327 | 94546  72780| 27220 05454 2673] 53 
8 | 67359| 94540 5 . £3402 32650 52 
_9 |__673:4 | __94533| _-72%4r | - a7159] 467 32625 51 
10 9. 67398 9.945269. 72872 10. 27125} 10.05474 | 10. 32602| 50 
ir | 67421] 94519] 729 270 ogg8r|' 32579 49 
12 | - 67445] 945134 72932| 27068] oz487| 323355 48 
13 | 67468] 94506 $2993 27037 685494 32532 47 
1467492 94499] 72993 270 6350 32508| 46 
1567515 94492 73023 26977 CIR 32485 45 
16 | 67539] 94485| 73954] 26945] 6351560 3aq6i| 44 
17 | 67562] 94479| 73084 26916 03521] 32438| 43 
18 67586 94472 73114 26886] 53528 32414| 42 
19 | 2559 94465| 73144] 26856 05535 32391| 41 
20 |9+67633 [9.94458 | 9+ 73175 [10.26825| 10.05542 10. 32367 ao 
21 | 67656] g445r| 73205 26795] 55549] 32344 39 
22 | 67680| 94445 73235 26765 5355 32320 | 38 
23 | 67703] 94438] 73265| 26735] og562| 32297 37 
| 24 | 67726] 94431} 7329 26705] o5569| 32274| 36 
| 25 | $7759| 94424] 73326 26674] o5576 32250 35 
| 26 | ©7773] 94417] 73356} 26644} 653583 323227 34 
27 | 67796] 9441 73386] 26614] ozzgo| 32204 33 
28 67820| ,94494| 73416 26584 55596 321800 32 
J_29 | _67343| _94397 2350 2528 sees 3272 37 
30 9.678569. 94396 94390973476 26524 10. 0561010. 32134 30 
| 37 |+ 6789 94383] 735% 26493 63617 3271 29 
32 | 67913] 94376] 73537 26453] o5624| 32087 28 
{ 33 | 67935] 94369] 23567 26433 05632 32064 | 27 
34 67959] 94362 73597 | 26403] og638| 32041] 26 
35 | 67982) 84355 73627 26373 05645 32018025 
3668006 94349} 73657 26343 98659 31994 24 
37 68029 94342 73687 26313 2 319710 23 
33 | 68052] 34335] 73717| 26283 5| 31948] 22 
1. __68075 94328 737947 26257 8 — 1925 21 
40 9.680989. 94321 | 9.73777 10. 26223 10. 05679 | 10. 31902] 20 
41 | 68121] 94314| 73897 1 26193 05686 31879 19 
| 42 68144 94307| 73837 26163 o5693 31856 18 
| 43 - 68167 94300 73867 26133] 05700 31833| 17 
1 44 -| G68190| 94293] 73897 26103 05707 31810| 16 
45 | 68213] 94286 73927 | 26073] 05774 31787| 15 * 
4 68237| 494279) 739571} 26043] og7ar| 317630 14 
47 68260 94373 739387] 26913 05727 31740| 13 
48 68282| 94266| 74017 25983 05734 31718| 12 
2 |_&305| 94259) _ 7447 |__ 25953] _ 05741] 31695 IT 
50 9.68328 9.942 52 9. 74077 10.25923| 10.05748 | 10. 31672 10 
{ 5? | 63351] 94245| , 74107 | 23893] og755| 31649 9g 
52 | 68374 942338 | 74136 25863 05762 316260 g 
53 | 68 94231 | 74160] 25833] 65769 31604} 7. 
54 68420| 94224| 74196 2 5803 C5776 31580] 6 
55 | 68443| 94217| 74226 25774) 05783 31557] 5 
5 8846 94210 74296 23744] 57 31534] 4 
57 68489 94203 74286 257144 5797 315111 3 
58 68571] 94196]. 74316 25684] og804| 31488 2 
7588524 94289 74348 25655 0581 35466 x 
bo 68557| 94182 25625 05818] 31443 © 
Co-iine, | Sine. Co-tang . Tangent. Co- ſecant Ddebeant. I'M. 


61 Degrees, 


. 3 


— 


N. Sine, |Co fine. | Tang, | Co-tang. | Secant. - |Co-ſecant{ 
© | 9.68557 [9.94182 9.74375 10. 25625 10. 05318 110. 31443 + = 
1 68580 94175] 74495} 23525 o5825 | 31420, 59 
2 | 68603| 9416S]. 74435} 255065 | 05332] 31397| 58. 
31 68625 94167] 74465] 25535| 053839] 31375} 57 
4 686438| 94154| 74495] 25596 | 65846 31352| 56 
5s 6867 94147| 74524| 25476 | 05353] 37322 55 
© | 68694| 94149] 74554} 25446 | 05862] 31306 54 
7 68716 94133 * 25417 5867] 31284 53. 
$ | 68739 94126] 74613] 25387 5874 31261 52 
g | $3762| 94119} 74643ſ® 25357 | 05581 49238 51. 
| 20 | 9.68784 9.94112 9.74673 10. 25327 10. 058388 10. 31216 50 
| 3x | 68807| 94105 74702] 25298 5395 31193] ag | 
12 68829 94098 74732 25268 905902 31170 48 
13 688 52 94990 74702] 25238 05910 31148 47 
i4 638875 94033] 74791] 25209 '0:917 | 31125 46 
151 68897 94076] 74821 25179 05924 | 31103] 45 
16 | 68920| 94069 7483. 25149 95931 31080 44 
17 68942 34062 74880] 2520 85938 | 31058] 43 
18 63965 94055 74910] 250900 55945] 31035 42 
19 | 68982 94043 | 94939] 25061 05952 22 1. 
20 9. 69010 9. 94941 | 9,7496910. 2503110. 5959 10. 3099 40 
2x 69032] 94034] 74993] 25001 | 596% 30968 39 
2269055 94027] 75028] 24972] 35923 30945 38 
23 69077| 34020 75088] 2494: | 598 | 30923] 37 
24 69100 94012 75087] 24913 05988 33900 | 36 
25 69122 94006] 75117] 24883 | 05995 | 30878] 35 
ab | 69144 93998 | 75146] 24854 | 6002 30856 34 
27 69167 3399 [ 75176] 24824] oboog | 30833] 33 
28 L91789 93984] 75205] 24795 ©6016 30811] 32, 
29 69212 93977 75235]. 24765 06023 | 30788 "4 
30 | 9.69234 | 9.93979 9.75204 10. 24736 | 10. 06030 10. 30766 4.30 
3x | 69256 93963] 75294| 24706| 5037 30744] 22 
32 | 69279] 93955| 75323] 24677 | 06045 | 30x21] 28 
33 | 69301] 33948] 75353] 24647 052 | 30699] 27 
34 | 69323] 93941] 75382} 24638 | obogg 30677 26 
35 69345 | 93934 75411] 24588 | obob6 | 30655] 25 
36 | 69358] 93927} 75447] 24559| 06073] 30632] 24 
[| 37 69390 93919 75470] 24530 o6080 30610] 23 
38 69412] 93912 75500 24500 06088 30533] 22 
29 | 69434| 93905| 75529] 24474 | o6ogs | 30566] 21 
"76 | 9.69456 | 9.93398 | 9.75558]10. 24441 |10. 06102 10. 30544 | 20 
1 gr |  69479| 93391] 755838] 24412| obiog} 30521} 19 
42 69501 93884 75617] 24383] 6116 30499} 18 
e . 
44 69545 33869 75676] 24324 6131] 30455 16 
as 59567 93862 75705] 242925 8 | 30433] 15 | 
a6 | 69589| 93855} 75733] 242651 886145˙/ 3041 14 
47 69611] 93847] 75764| 24236 6153 30389 13 
4869633 93849} 75793] 24207 | obabot 30367] 12 
49 | 69655| 93833] 2332. 24178 | ob6r67| 30345} 17 
50 | 9. 69677 9.93826 9.758 8210. 24148 10. ©6174 10. 39323] 10 
51 69699 | 93819 758810 24119 o618r 303011 9 
5269721] 93811] 75910] 24990 | 66182 gang 8 
53 69743] 93804] 75939 24060 06196 56] 7 
* | 69765; 93797 75969| 24031 | 06203; 30235] 6 
| 55 | 69787 | 93789 74998] 24002 | obzrol 3023 5 
56 69809 93782 76027] 23973 06218 30191] 4 
Y 69831 93775] 76056} 23944 06225) 301690 3 | 
58 | 69833| 93768] 76086 23914 | 6232 30147] 2 
1 59 | 69875 93760 76115] 23385 0624” | 301251 1 
80 | 69897 93753 76144 23856 06247 3 3 
Fo ne.] Sine, |Co-tang. Tang. [Co-ſccant] Secam. N. | 


A Table of Artificial Sines, Tang. and Sec. 29 Degrees. 


60 Degrees. 
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A Table of Artificial Sines, - Tang. Te See. 30 Degrees. _ 


| N. 4 Sine. Ca- fine. Tangent S — {Co-ſecanc | 4 
> |9:69897 9.93753 9.76744 10. 23856 10. 06247 10. 30103 bo 
1 | -69919| 33746 76173] 23827] 6254] 300871 69 | 
2 | - 69941 | 93738| 76202] 23798] 6261] 30059 58 
3 | 69963| 93731] 76231] 23769] o6269| 30037 57 
4 | 69984 | 93724| 76261] 23739 0627 30016 | 56 | 
; 5 | 70006| 93717] 76290] 23710] 6283 29994 55 
of 6 | , 70028|- 93709| 76319] 2365x | 6291 29972 | 54 
7 | -70050| 93702] 76348] 23652 66298 29950 | 53 
838 | 70072| 93695 70377 23623] 06305 | 29928 | 52 
201 20093 | OE] OT OE | Es (anger [en | 
10 9.701159. 93680976435 10. 23565 10. 06320 IG. 29885 50 | 
11 70137] 93673] 76464] 23536| 06327] 2936449 
12 70159 93665 76493 23507 | 06335 29841 | 48 
13 70180 25858 76522 23478 | 06342 29820 47 
34 70202 93650] 70551] 23449 | 06350] 29798 | 46. 
15 70224] 93643 76580 23420 06357 29776 45 
1 70245 33636 76609 33391 | 86384 29755 |. 44 
17 | 70267] 93628] 76639] 23361] 86372 29733} 43 
18 | 70288| 93621 | 76668 23332 06379] 29711 | 42 
19 | ._ 70310 -93614 | 76697 23303 06486 29590 41 
20 9. 70332 9. 93506 | 9- 70725 | 10. 23274 10. 06394 To. 29668 7 
21 70353 93599 76724] 23245 6640 2964739 
2270375 93591] 76783] 23217 640% 29625 38 
| 23 | 70396| 83584] 76312] 23188] 06416] 2960437 
24 | 70418| 93577.| 76841] 23759 o6423| 29582 | 36 
25 70439 -93569| 76870] 23130] obgzi| 29561] 35 | 
26 | 70461]. 93562| 76899] 23101 06438 29539 | 34 
27 | 70483] g3554| 70928] 23072 66446 2951833 
28 | 70504| 93547 | 72957] 23043] 6453 29496 | 32 
E | 79922 | 25904 | oor | ackrS 10h 
| 30 9-79547 9.93532 | 9. 77015 10. 22985 10. 06468 | 19. 29453 | 30 
3! |. 70568] 93525| 77044| 22956! 6425 29432 | 20 
32 70590 | 93517 77073 22927| 06483 29410 28 
33 | 70bix| g3510| 77101] 22899 049 2939 27 
34 | 70633] 93502 77139 22870 | 06498| - 29367 | 26 
35 70654] 93495] 77159 22841 | 6506 29346 25 
36 70675| 93487] 77188] 22812 06513 29325 | 24 
37 | 70697 | 93480| 77217| 22783] 520 29303| 2 
38 707518 93472] 77246 22754 66528 2928222 
39 -| _79739|.__93465| _77274 22726} 06535 | © 29261 | 21 
40 9: 70761 9. 93457 | 9+ 77303 | 10. 22697 | 10.06543 | 10. 29239 | 20 
41 70782 | 93459| 77332 22668 06350 29218 | 19 
42 70803 92442 77361 22639 06558 29197 | 18 
4370824 93435| 77390 22610 06565 29175 | 17 
44 | 70846| 93427] 77418] 22582] o6573| a29154|-16 | 
45 70867] 93420 77447 | 22553] o6580| © 29133 | 15 
46 70888 | 93412] 77476 22524 06588 29112 | 14 
47 70999 934056 77595 22495 | o6595| 29091 | 13 
48 70931 93397] 773532 22467 06603 29069 | 12 
_49 | _709952| 93390 77562 22438 o6610 29048 11 
50 9. 70973 9. 93382977591 10. 22409 | 10,06618 10. 2902710 
70994 92375 77619 22380 5625 29006 9 
71015 93367] 77648] 232352 6633 28985 8 
710361 - 93360] 77677 22323 06640 28964] 6 
71058] 93352| 77705 22294 06648 28942 7 
71079 93344] 77734 22266 066 56 28921 5 
71100] 93337] 77763 222374 C6663 28900 4 
71121 93329 77791 22208 o6671 | 28879 3 
71142] 93322] 77820 22180 06678 288 58 2 
71163] 93314] 77849 22151 06686 238837 I 
71184 93307 1 221422 06693 28816 oO | 
Co ſine. Sine. Cn-tang. -tang.. Tangent N Secant, 8 | 


59 Degrees. 


* n * = 


A Table of Arti6cial Sines, Tag: and Sec. 1 


K "Sine. Co tine. Tangenc (Co-c ang. Se-cunt. Co 
9 9.771 | 9.93307 9.77877 10.242123 10.8887 10. 28316 | 60 
x | 71205| 93299 77906| 22094| 66701 238795 
2 | 71226] g3291 9 — 22065 06709] * 74 58 
3} 71247] 33284 779 22037 06716 28753 
4 | 71263] 93276 + 8. | 22008 067 4 28732. 
5 71289 93:69| 7802x | 21980 | ob7zi 287m 
656 | 71310] g326r| 7849 21951 | 05739] 23690 54 
7, | 74331] 93253 78077 | 21923] o6747 28669 © 
'$ | 71352] 93246 78106 21394 6056754] 2864 52 
9 |_72373] _93233| 7813s | 2:65 | 06762] _ 28627 "IT, 
10 9. 71393 | 9+ 93230 9.78163 10. 31837 | 10. 06770 10. 28607 $0 
11 71414] 93223] 78192 21803 06777 285836 49 
12 [71435] 93215] 78220 | 21786 | ob785| 28365 48 
1372456 93297 78249 21757} 86792 23344 47 
1472477 2320 78277 2723 386880 23523 46 
i5 | 71498| 93192] 78306 21694 | 66808] 28502 45 | 
16 71519 93184] 73334 21666 | - 66316 28481 44 
17 | 71539] 93777 78363 21637 06823] 28461] 43 
18 | 71560] 93169] 78391 21609 o6831] 28440 42 
19 |. 2:53: f oguerl 78479 | 2r5to | obb3g _ 28419| ir 
20 9. 716029. 9 3154 9.7844 10. 21552 | 10. 06846] 10. 28398 40 
21 | 71622} 94246 78476 21524| _ob854] 28378 39 
2272643] 23138] 78505 21495| o6362] 238358 38 
23% | 71664 93131] 785330 27467 06369] 28336] 47 
24 71685 | 93123] 78562 21438 60877] 28315 36 
25 | 7705] 93115] 78590 21410| ob885| 28295 35 
26 71726] 93207 78618 | 21382 06893 2827434 
27 | 71747] 9g3100| 78647} 21353 obgoo| 238253 34 
28 | 71767! 93092 78675 21325 oN 28233 32 
29% 71788 93084 78704 |__21296 | obg16| 29212 1 
30 9.77809 9.93077 9. 75732 flo. 21268 |  ©6923{ 20. 28191 30 
31 71829 93069 78780 21240 06931 28171 29 
3271850] 932611 78789] 21211 o6999 28150 28 
33 | 73870] 93953] 78815 | 21187 947] 28130] 27 
3+ | 73591] 93046] 78345] 21155] obggy 25119] a6 | 
35. | 72911] 93038] 78874] 21126 o6g6z| 28039] ag 
36 | 73932] 93030] 78902 21098 o6g70] 28068 24 
3771952] 93022] 78930] 21070 06978 28048 23 
33 | 72973] 93074 78959] 21041] o6g8s| 28027 22 
39 | 71993 93907 78987 | 2torg o6 23007 KLE 
| 40 |9.72014| 9.92999 9.79015 to. 2095 5 10.07001] 10. 27956 | 26 
| 41 | 72934] 92991] 79043] 20957 | o700g| 27965 19 
42 72055| 92983] 7972 20928 07017] 27945 18 
43 92975] 7900 2090 | 07024 27925 17 
44 | 92963] 79128] 2087 07032} 279%| 16 
- 4 92960 79156 20844 | o704o| 2788415 
40 92952] 79185 20815 | o7048] 27863 14 
47 92944] 79213 20787 67056] 2784313 
48 92936] 79241] 20759 07964! 27823 nz 
5 2 79269 — 907071 27802 MY 
9.92941 9.79297 |10. 20703 10. 07079 10. 27732 10 
92913] 79326 20674 07087] 27761] 9 
92905] 79354 | 20646 07295] 27741] 8 
92897] 793382 | 20618 07103 27721] 7 
92859] 79410 20590 | . 07111 27701] 6 
92881} 794338 | 20562 07119 27680] 5 
92874 79466 20534 07126 27660 4 
92866] 79495} 20505 07134] 27640] 3 
g9285%] 79523 20477 07142] 27619] 2 
92350] 79551, 20449 071500 27599] 1 
4 4 92342 79579| 20421 07158) 27579} 0 
Co fine. Sin», 1Co-rong. 1 apgent, Co-Jecant! decant. M. 


% 6 EE . 
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A Table of Artificial Sines, Tang. and See. 32 Degrees. | 


M. | Sine. | Co-fine. Tang. { Co-rang, { Secant. Oo. ſecant 3 
. © | 9.72421] 9. 92842 | 9.79579 | 10. 20421 | 10. 07158 [10.27579| 60 
x | 72441| 92834| 79607 20393 07166] 27559 59 
2 | 72461] 92826 79635 20365 07174] 27539 58 
3 | 72482| 92818] 79663 20337 07182 27518] 57 
4 72502| 92810 79691 20309 07190] 27498 56 
” 72522| 92803] 79719 20281 67197] 27478 55 
6 | 72542| 92795] 79747] 20253] o7zos| 27458 54 
7 | 72562| 92787] 79776 20224 07213] 27438 53 
8 72582| 92779| 79804 20196 07221 27418] 52 
—2_| _72602| 92771| 79832} 20168] 97229 22328 51 | 
9+ 92763 | 9. 79860 | 10. 20140 | 10, 07237 [10. 27378 | 50 
92755] 79388] 20112] 7245 27357) 49. 
92747| 79916] 20084] o7253] 27337| 48 
92739] 799444 20056] o7261] 27317| 47 
92731] 79973] 20028} 67269 27297 46 
92723| 80000 20000 07271 27277] 45 
92715| 80028 19973 7285] 27257] 44 
92707 306 19944 07293] 27237 43 
92699 | 80084 19916 07301 27217 42 
92691 80112 19888 07309 27197] 41 
9. 92683 | 9. 80140 | 10. 19860 | 10. 07317 | 10, 27177 40 
92675 | 80168 19832 073251 27157] 39 
92667 | 801958 19895] 07333 27137] 38 
92659] 30223] 19777 o7341h 27117] 37 
92651 | B025gr | 29749 07349| 27098] 36 
92643] 30279 19721] o7357| 27078] 35 
92635] 30307 19593] 57365 27058] 34 
92627 $0335 19665 07373 27038] 33 
92619 80363 196 37 07381 27018| 32 
92611| $0391 19609 073389 |__ 26998] 3x | 
30 [9.73022 | 9. 92603 9. 80419 IO, 19581 10. 0739710. 26978 30 x 
31 | 73047] 92595| B0447| 19553] o7495| 26959] 29 
32 | 73061] 92587 80474] 19526] 57413] 26939 28 
33 73981 | 92579 80502 19498] 7421 269191 27 
34 73101] 92571] $0530 19470 07429 26899 | 26 
35 1 73121] 92563] 80558] 29442] 67437] 26879] 25 
36 | 73140| 92556 80585 19414] o7445| 26860| 24 
' 73160 | 92546] $0614] 19386] 67454] 26840| 23 
br 73180 92538] 30642 19358] - 07462 26320 | 22 
39 73200 92530 380669 19331 07470 26800 | 21 
— — —— Deö— — — — — ERR | 
40 | 9.73219 | 9.92522 | 9. 80697 | 10. 19303 | 10. 07478 | 10. 26781 | 20 
41 | -73239 92514] 30725 19275 07486 26761 19 
4273259 92506] 30753 19247] 67494] 26741] 18 
43 73278 92498 80781 192191 07502 26722 17 
44 73298] 92490] 30808] 19192 07510 26702 | 16 
45 73318 | 92432} 30836 191674 o7518 26682 | 15 
46 þ 73337 | 92473] $0864]. 19236] o7527| 26663] 14 
47 73357 | 92465| 80892 19108] o7535] 26643] 13 | 
43 | 73377 | 92457] 30919 ngo8i| o7543] 28662312 
49 | __73396 | _92449| 30947 | 10053]. 97381]. 26608] 11 
50 9.734169. 92441 | 9. $0975 | 10. 19025 | 10.07559 | 10. 26584 | 10 
51 | 73435| 92433} $1003] 18997 o7567 | 26565 ? 
52 | 73455| 32425 $1030] 18950] o7575} 26545 
$3 73474 | 92416 81058 18942 07 584 265261 7 
54 73494 92408 81086 189144 7592 26506] 64 
55 73513 92400] 81113 18887 07600 26487 5 
56 735331 92392 81141 188 59 ©7608 26467] 4 
$7 | 7.3552 92384 | 81169 18831 07616 26448] 3 
58 | 7 3572 | 92376 $1196 18804 | 07624 26428] 2 
$9 73591 92367 | $1324 18776 ©7633 26409 1 
60 7 3611 92359 5 18748 07641 26389 GT 
Co-tine, 4 Sine. | Co tang Tangent. Coſecant- | Secant, M. 
6 1 57 Degrees. 


and Sec. 33 — 
M. |- Sine. | Co fine” Tangent | Co-t Co-tang. | Se-cant.1 Co-ſecanr 

| . ©. [9+ 73611 | 9.92359 9.81252 10. 28748 10. 07641 10. 26389 | 60 
11723630 92351] 31272 18727] 07649 26370| 59g 

» | 73550| 92343] $1307 28693 07657] 26350 | 58 

132 73669 92334] 81335 1 07666 26331 | 57 

4 73689| 92326 $1362 | 18638 07674 26311 | 56 

5 | 73708] 92318 81390 | 18610 07632 26292 | 55 

6 73727 92310] 31417 18582 07690 26273 | 54 
7 73747 | 92302| 31445 18555 07698] 26253 51 

83 | 73766 92293] 81473] 75527 07707] 26234 | 52 
3 73785 92285 $1500 18500 07715 26215 3 

10 9. 738056 9.92277 [9.81528 10. 1847210. 07723 10. 26195 50 
iz 73824 92269 31556 138444 07731] 26176 | 49 

12 73843] 92260 $1583 18417 07740 26157 | 48 

1373863 92252 81611 18389 07748 26137 | 47 
14 | 73882 92244| 81638 18362 07756 26118 | 46 

15 | 73gor| 92235 81666 18334 7763 26099 | 45 
16 73921] 92227] 31693] 18307 07773 26079 44 
117 73940 92219] 87721 18279 07781] 2606043 
18 73939 92211] $1748 18252 677891 26041 | 42 

19 | 73998] 92202 $1776] 18224 07798] ' 26022 | 41 
20 9.73997 9.921949. 81803 TY 18197 | 10, 07806] 10. 26002 "40 

21 | 74017 9g2186| 81831 18169 078144 25983 | 39 

22 | 74036| 92177| 81858 | 18142 07823] 25964 | 38 

- 23 74055 92169 81886 18114 07831 25945 | 37 
| 24" | 74074 92161[ 81913 | 18587 07839] 25926 | 36 
28 [74093 92152 81941 | 18059 | oO7848] 25907 35 

26 | 74112 92144| 31968 18032 o7856 25387 | 34 

27 | 74132| 92136| 81996 18004 07864 25868 | 33 

28 | 7415r| 92127 | 32023 17977 07873] 25849 | 32 
29 74170 92119 82051 17949 07831 25830 2 

308 |9. 74189 | 9.92111 |9. 82078 10. 17922 10. 7889 10. 258 11 30 
19 74208] 92102 82106 17894 07898} 2579229 

32 [ 74227 92094] $2133] 17567 | 67906 2577328 

25 33 74246] 92086 82161 17839 07914 25754 | 27 

34 74265 92077 $2188] 17812 | 07923] 23735 26 

35 | 74284| 32069] 82215 17784| 07931} 25716 | 25 

3 | 74303] 92060] 82243] 17757 | O7940] 25697 | 24 

37 74322| 92052| 82270 17730 07945 25678 | 23 

> 38 | 74341] 92044] $2298}: 17702 07956] 25659 | 22 . 

(39 |__74350| 92035) 82325| 17675} o7g6s| 255qa | 21 

. 7] 40 9. 74572 9+ 92027 | 9. 82352 10. 17645 10. 07973 To. 256zr | 20 

| 41 | ' 74398] 92018] 32380 17620 07982] 25602 | 19 

42 | 74417] 92010] 82407 17593 | 07990] 25583 | 18 

43 | 74436] 92002] 82434] 17565 | o7998] 25564 | 17 

44 | 74455] 93993] 82462] 17538] o8oo7Þ 25545 | 16 

7 2 '| 7447%| 91985| 832489 175iz | ovozs| 25526 | Is 

| --74493] 92976] $2537 | 17483 | 08024 25507 | 14 

47 |  745"9} 91908] B:544| 17456] 08032} 25488 | 13 

48 74532] 91959 3.500 17429 | 8041] 25459 | 12 
22. 549 g195r| 82599 1241 08049 — | 12 

| 50 9. 74568 | 9. 91942 [9. 82626 [400 T7IZE 10. 080 5 10. 25432 | 10 

51 74387 91934 82653 17347 58056 25413 | 9 

52 | 74606] 91925 82681 | 17319 0807 5 25394 | 8 

53 | 74625| 91917] 82708] 17292 o38083} 25375 | 7 

54 74644] 91908 82735 | 17265 o80g2] 25356 | 6 

5 74662] 91900 32762 17238 o8 too 25338 5 

56 25 918901] 32790] 1721081090 23319 4 

57 4700 91883] 32817 17183 881171 25300] 3 

» 58 74719 97835 82844 17156 08126 25281[ 2 

59 74737 9186 32871 17129 081344 25263 I 

60 74756 91857 82899 17101 08143 25244. 
Bas Co-fine. Sine. Co-tang. Tangent. Co-ſecant Tccante M. | 


A Table of Artificial Sines, Tang. 
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A Table of Artificial $iaes, Tang. and See. 4 Degrees. 
II. ne. Co- ſine. Tangem. Co tang. | Secant, Co- ſecant 
| 974776 9.918579. 82899 10. 17101 10. 08 143 10. 25244 60 
74775 91849] $2926 17074 8151 25225, by 
74794 | 91840| 32953 17047 | o8160 25206 58 
74812 91832] 32980[ 17020 08168 25188 57 | 
74831 91823] 83008] 16992 08177 25169 56 
74850 91815 33035 18925 08185 25150 55 
74868 91806 83062] 1693 08194 25132 54 
74887 91798] 83089] 169711 o8202 25113 $53 
74906 91789 83116] 16883 O8211 25094 | 52 
74924 01780 _$3144 16856 o8219 25076 | 51 
9. 74943 9.91772 9. 83171 10. 16829 10. 03228 [10.25057 | 50 
74961| 97763 83198] 16802 08237 25039 | 49 
74980 31755 83225] 16775 38245 2520438 
74999 91746 83252 16748 08254 25001 | 47 
75017 91738 83279] 16720 | . o8262| 24983 46 
75036 | 91729 83307] 16693} 8221 24964| 45 
75054 | 91720 B3334| 16666 | o8280| 24946 44 
75073 91712] 83361 16639 08288 24927 43 
75091] 91703] 83388] 16612] 63297 24909 42 
75110 91694 83415 1658; 08305 24890 41 
9.751289. 91686 9. 8344210. 16558 10. 8314 10. 24872 7 
75147 97677] $3470] 16530 8323 24853 32 
75165 91668 33497 16503 03331 | 24835 38 
75184] 91660 83524. 16476 08340 | 24816 37 
75202 91651 B3551] 26449 | 08349 | - 24798| 36 | 
75221] 91643| 83573] 16422, | 08357 | 24779] 35 
75239| 91634] $3605] 16395] 08366 247601 34 
75258 | 916251 $3632] 16368 08375 24742 33 
75276 91617] 83659] 16341 08383 247244 32 
75294 91608 83686 16314 08392 24706 31 
9.753139. 915999. 8371310. 16287 10. 08401 yy 30 
753310 91591] 33740 16260 08409 24669 29 
75349 91582 33767 16232 08418 24650 28 
75368] 91573] $3795] 16208] 08427 | 24632] 27 
75386 | g1565| 83822 16178 08435 24614] 26 
75405 g1556| 83840 1615r | 08444 | 24595] 25 
75423| 91547] 33876] 16124 08453 | 24577] 24 
75441| 91338] 83953 16097 68462 24559] 23 
75459| 971530] 83930] 16070 c8470 24541] 22 
75478| g1521| 83957] 16043 o8479 | 24522] 21 
9.75496 | 91512 | 9. 83984010. 16016 | 10. 08488 10. 24504 | 20 
75514| 91503] 84011] 15929 08496 | 24436] 19 
75533] 91495 840388 15962 | .oB5os | 24467] 18 
75551] 91486] 84065] 15935 | O8514 | 24449] 37 
75569 91477] $4092] 15908 08523 24431] 16 
75587 914683] 84119 15881 o8531 | © 24413] 15 
75605| 91460] 842146] 158544 08549 | 24395] 14 
75624 | g1451| 84173] 153827 | o3549| 24376] 13 
75642 | 91442; $4200] 15800 o8558 243583] 12 | 
75660 91433 84227] 15773 08567 a 20440 11 | 
9.75678 [9.91425 | 9. 842 54/10. 15746 |10. 08575 10. 24322] 10 
75696| 91416 842380] 15720 o8584 24304 9 
75714 | 914% 84307] 15693 | 85903 24286 
75732 | 91398] 84334] 15666 08602 24267] 7 
75751| 91389] $4361] 15639 08611 24249] 6 
75769 91381] $4388] 15612 8619] 24231] 5 
75787| 91372] 84415] 1558 08628 24213] 4 
75805| 91363] 84442] 7555 086370 24195} 3 
75823 91354] 84469] 7553r | 08646| 2477 2 
75341 | 92345 | $4496] 75504 | oB8655| 24159} 2 
28252 ; 91336 84423] 15477 08664 | 24141} © 
Co-fine. ) Sine. ICo-tang. Tang. |Co-ſecant | Secant. * N. 
5 N 55 Degrees, 2 
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A Table of Artificial Sines, Tang. and Sec. 35 Degrees. 


M. y Sine. [Co- ſine. | Tang. | Co-tang. j Secanr. |Co-ſecant i ; 

=> | 9.75859 [9.91336 | 9.84523 | 10. 15477 | 10.08664. [1024777 | 58 
{| » | 75877 | 91328] 84550] 15450 08672 | 24123 | 59 
. 2 | 75895] 97319] 34576] 25424 o8681| 24105 58 
3 | 75913] 91310] 34603] 15397 | 38690] 24087 57 
4 7593i| 91301 846 30 15370 038699 24069 | 56 
314 75949| 91292 B4657] 15343] 08708] 24051| 55 
6 | 75957 91283] 84684] 15316 08717 | 24033 | 54 
7 | 75985] 91274| 84711] 15289 68726 24015 53 
8 76003 91267] 84738 15262 08734 23997 | 52 
91 76021| 91257] 34764 15236 0874-3 23979 | 51 
10 | 9.76039 |9.91248 | 9. 84791,] 10, 15209 10. 08752 [16,243961 | 50 
II a 76057 g 91239 84818 15182 | 08761 2 5 

1276075 91230 84845] 415155 o8770) 23925 48 
13 76093 91221] 84872 15128 08779 2390747 
14 761111 91212 84899 Igor | 8788 23889 | 46 

15 | 76129| 91203 B4gzs 15075 6297 | 23871] 45 
16 | 76146] 91194 84952] 15048| o8806| 23854 44 
i7 | 76164| gii8s| 84972] 15021} 63815] 23836 | 4, 
18 | 76182| 91176 35 T4994 | O8524 | 23818 | 42 
19 | 76200] 924162 85033 14967 | 08833] 2380047 

| 20 9. 76218 9.91158 9. 85059 10. 14941 10, 0884.2 10. 23782 7 
21 76236] 91149] 85086] 44914] 3851] 23764 39 
22 | 76253] 91141] 85113] 24887 | 08859 23747 | 38 
23 | 76371| 91132] 85140] 14360] o8368| 23729 37 
124 76289 91123 85166 14834 08877 23711 36 
12 76307 91114] 35193] 14807 03886 2369335 
26 76324 91105 85220 14780 o8895 | 23676 34 

27 | 76342] 91096] 85247] 14753] 3904 23658 33 
j 28. +: a4 91087] 85273] 14727 68913] 23640 | 32 
29 76378] 9078 $5300 14700 08922 23622 | 31 
30 | 9. 76395 9. 91069 9 85327 10. 14673 10. 08931 10. 2360 5 "20 
3176413 g1060| 85354 14646 o8940 23587 | 29 
| 32 76431 | grogri 35380 14620 08949 | 23569 | 28 
33 | 75448] 91042] 85407 | 14593] 8958 23552 | 27 
4 34 | 76466| 91034] 85434| 14566] o8966| 23534 | 26 
$ 35 | 76484| g1oz3] 85460 14 540 08977 23516 | 25 
1 36 | 76501] 91014] 85487 | 14513] 8987 23499 24 
37 | 76519] 91005] 85514] 74486 | 68995 23481| 23 
| 38 76537] 90996] 35540 14460 09004 T3463 | 22 
39 76554| 90987] 85567 14433 09013 23446 | 21 
49 9,7655729. 90978 | 9. 85594 | 19. 14406 | 10, 09022 10. 23428 20 
141 76590 90969 85620 143800 09031 23410 | 19 
42 | 76607 gagbo| 85647 14353 09040 | 23393 | 18 
43 | 76625| goggr| 85674] 14326 09049 | 23375| 17 
44 | 76642| 90942 8570 14300| . ogos8 | 243358 | 16 
| 45 | 76660] 90933] 35/27 14273] 9057 | 23340 | 15 
46 7607790924] 35754] 14246 og076 | 243323 | 14 
47 76695 | 90915 35780 14220 ogo85 | 23305 | 13 
1 48 76762] 90905 85807 I4193 ©9095 23288 | 12 
| 49 76730 90896 835834 14166 09104 23270 | 11 
50 976747 | 9790887 | 9.85860 | 10. 14 140 10, 09113 10,3253 10 
51 98765 90878 85887 14113 09122 3 9 
52 76782 90869] 35913 14087 09131 23218] 8 
53 76800] 908601 85940 14060 09140 23200 6 
5+ | 76817] 908510 35967 14033] 9149 231837 
55 76835] 95842] 35993 14007 09158 231651 5 
56 76852] 959832] 36020 13980 | 09168 23148 | 4 
57 76870] go823] 86046 13954 09177 23130 | 3 
58 76887 | go814| 86073 13927 ©9186 231134 2 
59 76904] 90806[ 86100 13900 ©9195 23096 | 1 
bo | _76922] go796] 86126 13874 09204 23078 | © 

3 Co-ane, | Sine, Cn-tang. Ta ngent. Co-ſecant "Secant, N | 


4 
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Table of Artificial Sines, Tang. and Sec. 36 Degrees. 


M. | Sine, | Co-fine '| Tangent | Co-rang, | 'Secant. { Co-ſecant | 
— | 9-76922 9. 90796 9. 86126 | 10. 13874 | 10.09204| 10. 23078 60 
176939 20787 86153] 213847] og213] 23061 59 | 
2 | 76957| 90777 36179 13821] 69223 23043 58 | 
3 | 76974] 90768 86206 | 13794] 69232 23026 57 
4 | 76991 90759 26232 13768] ogzqi] 23009 56 
5s | 77009| 9075 B86259| 13741] ogzgo| 22991 55 
5 | 77026| 90741 86285 13715] 69259 22974 54 
777043 90731 86312 13688] 69269] 22957 53 
3 77061 90722 36338 | 23662 09278 22939 | 52 
9 77078 90713] 86365 13635 09287] 22922 51 
"26. 9.77095 9. 90704 9. 86392 | 10. 13608 | 10.09295| 10. 22905 50 
11 77112 90694 386418 13582 09306 22888| 49 
1277130 90685 86445 14588] og3ls| 22870 48 
13 77147 90676 86471 13529 09324; 232853 47 
14 77164 90667 86496 1350 09333] 22836] 46 
15 | 77181| gobs7| 86524] 13476] 09343] 22819 45 
16 | 77199| 90648 86559 13449] 09352] 22801| 44 
i7 | 77216] 90639 86577 | 13423] 99361] 22784} 43 
18 | 77233] 90630 86603 | 13397 | ogg7o 2276742 
19 77250 90620 386630 13370 09380} 22750 41 
20 9772689. 90611 9. 86656 | 10. 13344 | 10. 09389] 10. 22732 40 
21 77285 | 90602 86683 13317 ©9398 22715 | 39 
22 77302 | 90592 86709 13291 094.06 22698 | 38 
23 77319] 9583 36736 13264] ogqi7] 22681] 37 
24 77336 | 90574] 36762 13238 094.26 22664 | 36 
25 | 77353] 90565] 86789] 132ir] og435| 22647| 35 
26 | 77370] 9555] B86815 | 13185} 99445] 22630| 34 
27 | 77387 90546 86842 13158 94544 22613 33 
23 | 77495] 9053) 36868 13132] 09463] 22595 32 
29. | _ 77422| _90527 86894 13106 09473 22578 31 
30 |9-77439 | 9- 90518 [9. 86921 |10. 13079 | 10. o94 72 10.22561| 30 
31 | 77456] gogog| 36947 | 13053] ogqggi| 22544 | 29 
32 77473] 90499] 86974 13026 09501 22527 28 
33 77490 90490] 87000 13000 O9510 22510| 27 
34 | 77507 904% 87027 | 12973 99520 22493| 26 
35 77524] 90471] 37053] 12947 | 995291 22476| 25 
36 77541| 90462] 87079 12921 09538 22459| 24 
37 | 775538] 90453] 87106 | 12894| o9g548] 232442 23 
38 | 77575 90443] 87132 12868 |. 09557 22425 22 
_39 | _77592| 90434 $7158 12842 09566 22408 | 21 
40 | 9.77609 | 9. 90424 9. 87185 10. 12815 10. 09576 10. 22391 20 
41 77626 90415| 87211 12789 09585! 22374 19 
42 | 77643] 9g0q4o5| 37238 | 12762] o9595| 22357| 18 
43 77660] 90396] 37264 22736 09604. 22340| 17 
44 77677] 90386] 87290 12710 09613 22324 16 
45 | 77694] 90372] 87317 12683 096233 22306 15 
46 77711 85706 87343 12657 09632 22289 14 
47 | 77727] 90358] 37369] 12631[ 09642] 2227213 
48 77744] 90349 87396 12604 096 51 22256 12 
42. | 77761] 90339] 87322, 12578 09661 22239 | 11 
50 9.777789. 903309. 87448 | 10.12552 | 1.09670 10. 22222 | 10 
51 77795] 90320] 87475 12525 09680 22205] 9 
52 77812] 90311] 37501 12499 09689 22188 $ 
53 77829] 90301] 87527 12473 09699 221% 7. 
54 | 77846] 'go2g8] 27554] 12446 09% 22154 ! 
55 77862] 90282] $7580 12420 09718 22138 | 
56 77879} 90273 87606 12304 09727 22121] & | 
57 | 77896] goz63] 87633 12367] 09737 22004] 3 
58 | 77913] goz54| 37659 12341] 99746 22087] 2 
59 77930 90244 | 87685 12315 097 56 22070] 1 
bo |_ 77946] 20225]. 87211 12289 99765 220534] © 

Co-fine, I Sine, CO ang. I Co-fecant| Secant, | M. 


53 Degrees. 


. 
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\ Table of Artificial Sines, „ Tang. and Sec. 37 FEE 
5. 


NM. Sine. GK 
F art o- ſine. Tangent Co-tang. | Sec: las, eee 
— ages — — — [Co- 
15 5.77988 9. 50235| 9.87711 | 10. 12289 | 10. 09765 ku OY 
x | 77963 902235 ran 9765 10. 22054 2 
2 77980 90216 87764 12236 J 09775 . 22037 59 
o 78013 | 901 - $7817 1218 09794 22003] 37 
n 1843] 1215) 63873 27975 35 
| pos tf gor78 878691 121731 0032 21970 55 
7 78535 90168 35893 12105 CES 21953 54 
ne: 90n59| e 2207s] © gon 223371 $3 
+ | Bm £2] 308] nz | Bit 2 
Yo 7 113 9.9013 x 10.12026 — — 203 5 
ix | 78130 —— ” 1 3 13 207 10. 21887 50 
112 | 78147] 90120 88027 1197 9870 21870 49 
33 | 78163] 90% 83053] 119 - 09850 | 21853] 48 
14 78180] 90101] $8079 11 v og889 21837 47 
1528197] 90097] 38105 11895 9899 22820 46 
16378213] 900382] 88137 11869 OP 21803 45 
17 | 78239] 90072 | 38158 . 8095 21787 44 
18 78246 90063 88134] 09923] 2177 43 
| 19 | 7326 + 11816 999377 
Eee 88210] 11790 Co? 4 21754| 42 
20 [9.78280]q. 3. 90043 ; 9. "$3250, FIETI n ar 
21 78296 90034 88262 1 10. 09957 10. 21720 40 
22 | 78313] 90024 3828 09966 27704 39 | 
5 2891 117171 09976 9 
23 23272 900144 88315 1168 9970] 22687 38 
24 | 28346] gooos| B834r] 136 I 
2572362 89995 88367 1% e a2nb41 36 
ö 25 | 78379 89985 | 88393 1 10005 21638 35 
227 78395 89976 88420 11 4 10015 21621 34 
28 | 784121 39966 88446 125 10024 216056 33 
22 bi 73428 $0056 88472 554 10034 21588 32 | 
12 7 4459.899479 58498 170. 11502 10. loo c: — — — 
13 78478 89927 885 0 11450 10003 21539 29 
; 33- ] 78494 89918 88576 35 1 2097S 21522| 218 
34 78510] 89908] 88603 113 pi 10082 22506 27 
5 35 | 78527 $9898 $3629 = 230k 24; 59 21490 26 
35 | 78543| 89888] 83655] 1345 | 102] 21473] 25 | 
32 785606 39879 82681 3 10112 21457 24 | 
1 38 | 78576] 89869] 88707] 212 9 boar 21449] 23 | 
Las. | __ 75502] _ 59359 | og 3 
, 49 | 9. 78609 | g. 89849 9.887 970 14241 — —— e 
4278625 89840| 8878 „„. 
þ 786421 89830 38673 11183 — ink 5 + 
43 786581 89820 | 88838 11162 10170] 21358 ] 18 
44 78674] 89810 88864 11125 10180 21342 | 17 
45 78691 39801][ 83890 ,, 21326 16 
46 78707 $9791 88916 Sack 10199 21309 15 
8 787231 89781[ 88942 110 5 W 
7 78739] 39777[ 88968 1 10219 21277 13 
ö . 78756 89761, 88994 55 3 Ks 21261| 12 
50 | g. 78772 19. 89752 |—=== — — . 
| 5* | 78788 3 20728 1 30866 a IS. 10. 102483 10. 21228 10 
32 78858 89732] 890% FAG — e 
33 78821 89722 89099 10901 bs : * 21195] 8 
5+} 78837 $9712] 89125 10875 n 21179] 7 
| 55 | 78853] 89702] 892151 10849 A 21163] 6 
1 56 78869 89693 99172 1012 10295 21147 5 
57 78888 39683 $9203] 10 3 70307 22117310 4 
58 78902 89673 89229 rt 1217 21114 3 
9 18918 39663 89255 10 10347 21098] 2 
o | »g 806 745 10337 210824 1 
— Gk "Ihe: 9653] 89281] 109219 10347 21066] © 
. O-une. 17 f 0 — — . 
b : — Sine. Co- tang. Tangent, E ſecant. : Secant. | N. 


52 Degrees. 


\ 


A Table of Artificial Sines, Tang. and Sec. 


| M. . Sin o Co- ſine. 
9.78934 9.89653 
178950 89643 
2 [78967 39633 
3 78983 39624 
478999 39614 
5 | 22015] 89604 
6 | 79031 | 89594 
7 79047 | 89584 
8 | 79063] 89574 
g | 79079| 89564 
"10 9. 29095 | 9. 89554 
ir 79111 89544 
12 79128 89534 |: 
13 79144 | 89524 
14 | 79160| 89514 
15 | 79276 504 
16 | 79192 839495 
17 | 79208 | 89485 
13 79224 89475 
19 | 79249 39465 
20 |9.79256 | 9. 89455 
21 | 79272 89445 
22 79288 | 89435 
23 79394 | 89425 
24. 79319 89415 
25 79335 $9405 
26 79351 | 89395 
27 | 79367 | 39385 
28 79383 39375 
_29 | 22222 32304 
39 | 9.79415 | 9, 89354 
31 | 79431 | 389344 
32 79447 39334 
33 79463 89324 
34 79478 $9314 
35 79494 | 89304 
36 79510| 89294 
37 79526 | 89284 
38 79542 $9274 
32.2258 89264 
40 | 9.79573 | 9. 89254 
41 79589 | 89244 
4279605 89233 
43 79621 $6223 
44 79636 89213 
45 79652 89203 
46 79668 | 89193 
4779684 89183 
4.8 79699 | 89173 
49 | 79715 89162 
50 [9.79731 | 9g, 89152 
51 | 79746| 39142 
52 797621 89132 
533 79778 89122 
5479293 39112 
55 79809 $9101 
'56 | 79825| 89091 
57 79840 $9081 
58 798 56 389071 
59 79372 89060 
. 2288739050 
ka | Co-tine, } Sine, | 


Tangent 
9.89281 
39307 
$9333 
89359 


89411 
39437 
89463 

929489 


9.89541 
89567 
89593 
89619 

89645 
89671 
89697 
89723 
89749 
89775 

9.89801 
89827 


89879 
89905 
89931 
89957 
89983 
90009 


| _ 99935 


9. 90060 
90086 
90112 
90138 
90164 
90190 
90216 
99242 


| 90294 
9+ 90320 
99346 
90371 
90397 
99423 
90449 
98475 
90501 
90527 
90553 
9.99578 
90530 
906 56 


00708 
90734 
90759 
90785 
9o8 1 
22832 


Pb 
8 


39385 


89515 


89853 | 


90268 


90604 


90682 


| Co-tang. | 


38 Degrees: 
Co: tang. f Secant. Co-ſecant 
—ʒ — . — — 
10. 10719 | 10. 10347 10. 21066 60 
10693 10357 2030] 59 
10667 10367 21033 58 
T0641} 10376] 21017 57 
10615 10386 21001] 56 .. 
10589 10396 20985 | 55 
10563] 10406 20969 54 | 
19537 | 1% 20953 53 | 
180511 10426 20937 | 52 
1048 5 104.36 20921] 51 {| $; 
10. 10459 10. 10446 to. 20905 | 50 | 
10433] 10456 20389 | 4 
10407 | 10466 20872 | 8 
10381]. 10476 20856 | 47 
103830 10486 20840 46 
10329 10496 20824 | 45 
10303 ,rog0g 20808 | 44 
10277 1205616 20792 | 43 
10251 105325 20776 42 
10225 105351 20760 | 41 
— — a nn 3 | — 
10. 10199 10, 10545 10. 20744 40 
10173 10555 20728 | 39 
10147 10565 20712 | 38 
IOI2I | ⁵ 10575 20696 | 37 
1009 5 10585 20681 36 
10069] 10595 nobbs | 35 | 
10043 10605 20649 | 34 
10017 615 20633 | 33 [ 
09991 10625 20617 | 332 
0996 5 10636 20601 3x | 
10. 09939 10. 10646 10.2058; 30 | 
09914 106 56 20369 | 29 | 
09888 10666 20553 | 28 
09862 10676 20537 | 27 
09836 10686 20522 | 26 
o09810- 10696 20506 | 25 
09784 10706 20490 24 
©9758], 10716 20474 | 23 
09732 10726 20458 | 22 
09706] 10736 20442 | 21 
10. 09680] 10, 10746 | 10 20427 | 20 
09654 19756 20411 | 19 
©9929] ro767| 20395 | 18 
09603] 10777 20379 | 17 
09577] 10787 | 20364 | 16 
09551 10797 20345 15 
0952 5 10807 20332 | 14 
09499. 10817 20316 | 13 
09473] 10827 20301 | 12 
09447 10838 20285 | 11 | 
10. 09422 | 10. 10848 | 10. 20269 | 10 
09396 10858} 20254 | 9 
09370] 10868| 20238 | 8 
09344 10878 20222 7 
09318 10888 20207 6 
09292 10899 20191 | 5 
09266 10909 20175 1 
09241] 10919 20160 3 
09215 1099 20144 2 
09189 10940 20128 1 
09163] 10950 — — 
Tan Co-tecani. Secant. N. 


9 * 


egreet. 


1 4 * 
* 1 * 
. * ” 
. # - : OS. 
— 1 — * of 
i 
. 
5 . 1 (1 * 


A Table of Artificial Sings, Tang. and Sec, 39 Degrees, 


M. Sine. { Co-fine Tang. | Co-tang.| Secant. W OY | 
| o |9.79887| 9. 89050 | 9.90837 | 10.09163| 10.10950 10. 20113 50 = 
x | 79903] 3904 90863 ogrz7] 10960 20097 59 . o 
| 2 | 799138] 89030] 90889] ogrii:z] 10970] 20082 58 
| 3 | 79934| 39020 90914] 09086 10980 20066 57 
4 79950 89009 90946] 09066 10991] 20050 56 
5 79965 88999 90966] 099234 11001 20035 55 
6 79981 | 88989] goggz| ogoos 11011 20019 54, 
7179996] 38978 91018 8982 11022 20004 53 
8 80012 38968 91043 | 089570 11032 19988 52 
9 


80027 _8$8958 91069 88931 11042 19973 51 
10 9. $0043 | 9. 889489. 910956 10. 8905 10. 1105210. 19957 50 
11 $0053 38937 9111 8879 11063 19942 49 
1230074 38927 91147 885333 11073, 19926 48 
13 $0089 | 388917] 91172 388288 11083 19911 47 
14 $0105 | 38906 91198 3802 11094 19895 46 
15 30120 88896] 91224 08776 11104 198800 45 
16 $0136 | 38886 91250 087 50 11114 19864 44 
17 80151] 38875 91276] 08724] 11125 19849 43 
18 $0166 | 38865 91301 08699 11135 19834 42 
19 | 30182 38855 971327 608673 11145 19818 41 
20 9. 801979. 88844 9.91353 10. 08647 10. 11156 10. 19803 40 
21 80213 88834] 91379 08621 11166 19787 39 
22 | 80228 38824] 91404 03596 11176 19772 38 
23 | 30244 38813 91439} 08570 11187 19756 37 
: 91456 03544 TI197 | 19741 36 
91482 o8518] 11207 19726| 35 
91507 08493 112188 19710 34 
91533] 8467 11228 19695 33 
91559 08441 11239 19680 32 
91585 08415 11249 19664] 31 
9. 91610 10. 08390] 10. 11259 | 10. 19649] 30 
91636 08364 11270 19634 | 29 
91662 08338 g 11280 19618 28 
91688 8312 11291 19603 27 | 
91713 08287 11301 195880 26 
9739 o8ab1} 11312] 19572} 25 
91765 08235 11322 19557 24 
91791 o8209 113321 19542 23 
91816 08184 11343 19527 22 
991842 08158 11352 T9517] 21 
9.91868 10. 08132] 10, 11364 | 10. 19496 20 
91893 08107 1137 19481019 
91919 o8081 11385 19466 18 
91945 obogs| 11395] 1945 2) 


= 8 PIE * 1 


91971 08029 11406 19435 16 | 
91996 08004, 11416 19420 15 b 
920221 07978] 11427 19405 14 + 
92048 07952] 11437 19390 13 4 
92073] 07927 11448 | 79375] 12 | ; 
. « 
9.92125 10. 07875 10. 11469 | . 19344 | 10 I 
92150 07859 11479 19329] 9 5 
92176] o7824) 11490 19314] 8 ls 
92202 07798] 11501 19299 7 5 
92227 07773] 31511 | 19284 6 5 
$2483] . 07789, 5 522 19269 5 7 
92279 ©7721] 11532 19254 4 50 
92304 | 07696] 11543 192380 3 5; 
92330 076701 11553 19223 2 «| 5 
92356 97644 11564 19208 1 80 
92 c7619] 11575] _19193 | 0. bc 
Tangeant. *Co-ſecant | Secant. M. CT 


A Table of Artificial Sines, Tang. and Sec 40 Degron. _ 


M. Sine, [ Co-fine Tang. Co-tai -tang.| Co- ſecant | Co-ftcanr, 

—— —— — — ——— — 1 — — — — 
0 9. 80807 9. 88425 | 9.92331 10. 07619 10. 11575 10. 19193 60 
I 808 22 $8415| 92407 07593 1158 5 19178 59 
2 80837 88404 92433 07567 11596 191631 58 
3 80852 | 38394 92458 07542 11606 191480 57 
4 30867 338383 92484 07516 11617 19133} 56 
5 8o8 82 88372 92510[⁰ 97490 11628 19118] 55 
6 [80897] 88362 92535 57465 11638 19103 54 
730912 33351 92561 07439 11649 19088 53 
8 | 80927 38340 92587 972 11660 19973 52 

9 | 3094 88330 g2612| 073388] 11577 19058 52 
10 9. 80957 9. 88319 | 9. 92638 10. 07362} 10. 1168x to. 19043} 50 

80972 33308 92663 07337 11692 19028 49 
80987 | 88298 92689] 07311} 11702 19013] 48 
$1002 | $8287 92715 07285 117173 13998} 47 
$1017 | 88276| 92740 07260 11724 13983} 46 
$1032 | $8266| 92766 07234 211734 138968} :45 
$1046 | 383255 92792 07208 11745 | 18954} 44 
$1061| $8244 | . 92817 | 07183] 11756} 18939 43 
$1076 | 88234| 92844 07157 11766 | 18924 | 42 
$1091 $3223| 92868 02132 11777 — 3209 41 
9.571706 9. Jdzrz 9.92894 16.7106 10, 11788 | 10.1889g | 40 
81121 $8201] 92920 07080 11799 13879 39 
81136; 3819 1[ 929451 o07055| 11809 18864 38 
81151 38180] 92971 07029 11320 18849 37 
$1166| $8169} 92996 07004 11831 18834 36 
81180 3381580 93022 07978 11842 188200 35 
81195 38148] 93048 07952 11852 18805 4 
31210 38137 93073 07927 11863 ) 18790 33 ; 
8171225 88126 93099 07901} 11874] 187750 2 
81240 838115 93124 07876] I 1885 18760 * 
9.872549. $8105 | 9.93150 [10.06850| 10, 11895 fo. 18746] 30 
$1269 38094 93175 o6825 11906 18731 29 
31284 338083 93201 06799 11917 187160 28 
91299 238072 93227 66773 119280 187010[ 27 
31314] 388061 92252 06748 11939 186860 26 
31328 88059] 93278 06722] 11949 18672 25 
81343 38040] 93303 06697] 11960 13657] 24 
813538] $802 93329 06671 11971 18642 | 23 
$1372 { 8801 933 54 56646 11982 186280 22 
81387] 88007 22338 06620] 11993 13613] 21 
9.81402 9. $7990 9. 9.934 10. 06594| 10. 12004 | rc. 18598 20 
81417 | — 93431 6569 132015 15583 19 
814311 93457 06543] 22025 18569 18 
31446 37562 93482 06518 12036 185540 17 
81461 837953 93598] ©6492] 1204 13539 16 
81475 87942 93533] 66467 12058] 185250 15 
$1490] 37931 93559} 96441[ 12069 185100 14 
81505 87920 93584 05416 12080 18495 13 
81519 37909 93610 | 06390 12091 18481 1212 
8131 32895 93635 |__06364| 1212 14457 
9.815499. $7887 | 9. 93661 10. 06339] 10. 12112 10. 18451] 10 
815630 37877 93687 | 063213 121231 18437 9 
315780 37866 93712 06288 121344 18422 $ | 
$1592] 87855 33738 06262 12145 184080 7 
81607 37844] 93763 06237 — | 18393 6 
$1622| 37833 93789 06211 121 1337 $3 
31636 87822 93814 06186 3 18364 4 
81631] 87811[ 93840] 06260 12189 18349 3 
81665 87800 93865 056135 11200 183351 2 
316830 37789 93891] 6109 2211 18320) 21: | 
$1694| $7778 93916 8898 12222 18306} © 
ine. Sine. Co-rang, | Fangem Co-ſecaniel Secant. . 
ua 49 Degrees. 


- + 
„ 
.* 


.- "A Tale of Artifitial Sines, T 
2 Sine. 


o 9. 81694 
31709 87767 


31723 
$1738 
$1752 
$1767 
$1781 


81796| 


$1810 
81825 


19. 81839 


818 54 
$1863 
81882 
$1897 
$1911 


16 | 81926 
1 $1940] 


$1954 
$1969 


— 
9.81983 


31998 


32012 
32026 
82041 


82055 


32069 


$2084 
82098 


32112 


. 93.227126 


82141 
$2155 
$2169 
82184 
82198 


| 32212 
5 32226 


82240 


1- $2255 


5 32269 
82283 


. $2297 
1 82311 
| - $2326 

3274 


1 
5 = 8 
- ' 
wo #47 444 © N 
1 4 9 4 
g 


„ and Sec, 41 Degrees. 


Co-tang. Tank. 


, | Co-tang- | Secant. Co- ſecant 
6110. 06084 10 12222 10. 18306 "G1 
606058 12233 | 13291 
06033 12244 18227 
o6007 | 12255 13202 
oz982 | 12266 18248 
05956 12277 | 15233 
05931 12288-] 1$219, 
©5905 12299 13204 
05380 12310 13190 
| 05554 12321 18175 
9. 904171110. 05329 10. 12332 10. 18161 
og803 | 123431 1$146 
05778 F 123; 18132 
05752 12365 18118 
05727 12376 13103 
05701 12387 18089 
es 12399| 18074 
o5650 12410 18060 
| 05625 12421 18046 
1 55822 12432. 18031 
[10, 05574 10. 12443 10. 18017 
05543 12454 | 15002 
©5523 12465 17988 
' 05497 ode 17974 
05472 12487 179591 
05446 12499] 7945 
054.21 i25i0 17931 
05396 12521 | 17916 
05370 12532 17902 
|___05345 12543 | 12888 
10. 05319 | 10. 12554 fo. 17874 
05294 12856 178 59 
o5268 | 12577 | 27545 
o5243 | 12588 | 27831] 27. 
o5ei7 | 12599 17816] 26 
' ©5192 12610 17802] 25 
05166 12622 17788] 24 
605141[ 12633] 27774] 23 
o5116 12644 177601 22 
.. 12655 12245 
10. 05065 | 10. 12666 0 17731] 29 
6 05039 12678 17717] 19 
05014 12689 17793] 18 
4988 12700 17689 17 
04963 12711 17674] 16 
04938 12723 17660 15 
oqgi2 | 12734 | 27640 on 
04887 12745 17632] 13 
04861 12757 15618] 12 
o48 36 12768 1760411 
10. 04810 10. 12779 10.1759 10 
04566 12791] 17576] 9 
04760 12802 | 217561] 8 
04734 12813] 27547] 7 
04.709 12825 | 17333 6 
. 04.683 12836 27519] 5 
04658 132847 | 17595] # 
04632 12859 \ 37491} 3 
o4607 12870 17477] 2 
04532 12881 174634 1 
458 128231 
Co- fgcent decant. NI. 


— 


A Table of Artificial Sines, Tang 


. and See, 42 


Sine. | Tang. { Co-tang. | Secant. -Tecanc 
9. $2551 [9. 87107 5. 95444 | 1004556 | Io, 12893 1,1747 
' $2565 996 95469| 453k} 12904] 27435 
82579 95495} ©4595] 12915 17421 
82593 95520 | 9044 12927 17407 
82507 9545 24435] 172938] 17393 
82621 | 95571 04429} ' 129501] 17379 
82635 95596 | 04404 129611 17365 
82 95621 | * 04378 12972 | '37351 
$2663 016] 905647 | 04353] 12984| 17337 
82677 5} 95672} 04328] 12995 17323 
| — | — | — 1 —A— ͤ̃ — 1 
9. 82691 3 | 9. 95698 10. 0430210. 13007 flo. 17309 
82705] 88882 35723] 4277 13028 127295 
82719 95748} Oqzg2} 13030 17281 
82733 9577 0226 2304r] 17267 
82747 95799] ©4308] 23053] 17253 
82761 95825 04175 13064 17239 
N 82775 958 0 O4igo, 23076 17226]. 
82788 95875] 492 13037] 27212 
82802 95901 o409g 13098 17198 
82816 95926 © 04074 13110] 17184 
9. 82830 9.95952 10. 404810. 1312710. 17170 
52844 95977-| Az] 13133} 7 
828 58 96003 03998] 13145 17142 
82872 960288 33972 13156] 17128 
8288 5 96053 33947 13168 17115 
832899 96078] 33922 13198] 17101 
82913 96104 03896 13191] 1708) 
32927 96129 03871} 13202} 17073 
82941 96155 03845 13214 17059 
$2955 _96180 03820 1322 5 1704 5 
9.82968 9. 96205 | 10. 03795 10. 1323710. 17032 
82982 96231 03769 13248 17018 |: 
$2996 96256 923744] 23260 | 17004] 28 
33010 96282 93219 13272 16990 
83023 96307 | 03693] 13283] 16977 
$3037 | 96332 | 03068} 13295] 16963 
$3051 "96357 | 23043] 13306] 16949, 
$3065 | 96383] 03627} 23318] 186935 
83078 96408 03592] 123330 . 16922 
| $3092 964.33 | __23567| 13341] 16908 
9.83106 9.96459 10. 035411 10. 13353110 16894 
33119 96484 03516 13365 16880 
$3133 96510 ©3490] 13376] 16867 
$3147 96535} ©3465 | 13388] 16853 
83161 96 560 03440 13400 16839 
83174 96586 03414 13417} 26826 
83188 96611 03389 134231 16812 
83202 96636 3364] 13435] 16798 - 
$3215 96662 03338 134 1678 5 
$3229 |_96687 | _03313| 13458] 16771 2 
9.832442 9. 96712 | 10. 03288 10. 13470 | 10. 10758 10 
332 56 96738 03262 134%] 16744] 9| 
83270 96763] 903237] 13493! 16730} 8| 
$3283 96788 03212 13505 16717]. 7 
83297 968144 03136 | 13517| 16703] 6 
93310 968 39 03161 13528 16890 5 
$3324 96864 03136 13540 166761 4 
33338 96890 03110 13552 26662] 3 
$3351, 96918 o3o85| 13564] 16649] 2 
$3365 96940] ozobol 13575| 16635] 3 
$3378 96966 03034 13587 , 16622] © 
Co-fine, ine. Co tang.* Tangent. | Co-ſecant Secant. 4? M. 
55 Uu 2 


47 Degrees. 


1 N 3 
r 


—_ 
% 


A Table of Artificial Sines, Tang. and Sec. 4 


3 Degrees.” 
M. | Sine... Corine. J Tangent] Co-rang. | Secant. * |Co-ſecanty * , 
—— ow — — — — * 
o 3.53375 73 9.55966 10. 03034 | 10. 13587 10. 16622], 6o | 
x | $3392{, 86401] 96991 03009 13599 . 16608] 59 
1 2 2836389 97016 02984 13611] 16595] 58 
3 86377] 97042] 2958] 13623 165810 57 
8 86366] 97067 02933 13634 16568]. 56 | 
8 86354] 97092]. 02908 13646 | 16554] 55 
G-; 86342 97118 02882 | 13658 16541] 54 
127 86330 97143] 92857 13670 16527 53 
FE. 863184 97168 02832 13682 16513] 52 
9 363061 971934 2807 [ 13694 165co| 51 
j 10 9.97219 10. 02781 | 10, 1370510. 16487 wy 
11 972444 02756 13717] 16473] 49 
42 972691 302731 13729 164600 48 
( 23 97295| 92705 13741| 16446] 47 
14 97320] 02680 13753 16433] 46 
15 97345 2655 13765 16419] 45 
16 97371 02629 13777 16406] 44 
17 97396 02604 | 13789 16392 43 
18 1 97421] 92579 13800 | 10379] 42 
19 + 97447] ©2553] 13812 16366 41 
| 20 9.97472 10-02 528 10. 1382410 16352 7 
21 97497 | 2503 13836 16339 39 
22 975234 02477 13848 156326 38 
123 97548 | 2452 13860 16312| 37 
24 97573 62427 13872] 16299 36 
25 97593 | ez 12 16285 35 
26 976244 2376 1389 16272 34 
27 97649 02351 13908 16259] 33 
28 37674] 02326 | 13926| 16245 32 
| 29 97700 o2 300 13932 16232 . 
| 30 9. 9772510. 02273 10. 1394410. 16219 30 
31 - 97750 | 02250 | 13956 16205| 29 
32 97776 02224 139688 16192 28 
"$37 97801 02199 13980] 16179] 27 
34 97826 02174 13992 16166 26 
111 02149] 144 76152] 25 
36 | 02123 14016 16139 24 
37 02098 | 14028 16126 23 
38 02073 14040 161131 22 
39 43 02047 14052 16099 | 21 
j 40 | 10, 02022 | 10. 14064 | 10. 16066 20 
41 034: 01997 [140/76 16073| 19 
42 | 81 7 ; Is 14088 1 18 | 
43 4].-- 01946" eee 16046} 17 
44 $5838 9.4...” ort > 16033 16 
45 85876 4 01 14124] 160 15 | 
46 85364 01870 14136] 16007 14 | 
47 1 01845 14149 15994 23 
148 8 58 39 or 8g 14161 15950 0 
40 88822 |... ©1394 |__14173] 15967] 1. 
50 | 9. 84046[9.8581 275 10. 01769 | 10. 14185 10. 15954 10 
ST 84059 858031 98256 01744 14197 159411 9 
2 : 52 984072] 85791[ 98281 01719 142c09 15928] 8 
3 84085 85779] 93307 | o1693 14221 15915] 7 
54 84098 | 85766] 38332] 016568] 14234] 15902 6 
35 | $4112| 35754] 98357 o1643-| 14246] 15888 5 
56 84128] $5742] 98353 01617 14258 15875} 4 
57 84.138 85730 98408 01592 14270 15862 3 
58 84151[ 857180 98433] 01567 | 14282 15849] 2 
59 34164] $5706] 984588 1542 14294 1583666 17 
bo | 84177] $5693] 98484 — org16 14307 | ___15823) O-} 
' '® | Gone, dive. Co-tang. Tangent. Ter tecaut Ssecant. | N. ; 


40 Degrees, 


Table of Artificial Sines, Tang. and Sec. 44 | Degrees. 


ſ M. | Sine. |Co-fine, | Tang. | Co-tang, | Secant. | Secant. | Co-fecant | Sc 
0 | 3 9. 98484 10. 01 516 | 10. 14307] 10. 15823 50 
n 84190 83 5681 | 98509 01491 14319] 15810 59 
2 | 84203 35669 98534 o1466] 14331] 15797 58 
3 84216 35657 98560] on4go| 443434 15784| 57 
4 | 84229 35645 98535 | 1415 14355] 15771] $6 
5 84242 85632 98610 | 1390 14368 85; 
5 [ 84255 $5620] 98635 61365] 14380] 15745| $54 
7 84269 $5608| 98661 01339 14392 15731 $3 
$ [84282 35596 98686 01314 14404 15718 52 
9 84295 $5533 98711 01289 14417 15705 $I 
2 9. 84308 9.85871 9.98737 10. 01263 10. 14429 1 1 50 
1184321] 35552 98762 | 01238] 1444][ 15679 49 
i2 | $4334] 35546] 98787 01223] 14454] 285666 48 
13 $4347 | 35534 98812 o1188 |- _ 14466 15653 47 | 
14 84360] 85522 958838 011623 14478 15640 46 
15 84372 85510] 98863 011371 14490 15628 | 45 
16 84385 85497 | 98988 01112 14503 15614 44 
1184398 35485 98913] ono87 | 14515] 25692 43 
18 84411 35473 98939 1861] 145274 15589 42 
19 84424 $5460 | 98964 01036 14540] 15576| 41 
20 | 9. 9. $4437 | 9-85448 | 9.98989 10. 0107110. 14552] 10. 15563 40 
21 8440 35436 99014] 90985] 44564] 15550| 29 
2284463 $5423] 99040 0960 14577] 15537] 38 
2384476 35471] 99065 00938 14389 15524] 37 
2434489 85399 99090 | oogrs] 14650] 15511 36 
25 84502 35386 99116 oo884 146144 15498 35 
26 | 84515] 85374] 99141 0859 14626] 25485 34 
27 84528 85361} 99166 o00834\ 14639] 15472 33 
28 84540] 85349] 99191 0809 14651} 15460| 3% 
29 | $4553] __ $5337] 29217 89233] 14663] 18544231 
Jo | 9-84566 |9.85324 | 9.99242 [10.00758 | 10. 14676| 10.15434 | -39 | 
31 84579] 85312 99267 00733] 146888 15421 29 
3284592 35299 99293 o | 14701] 15408 28 
338405] 35287] 99318 00682 14713 153951 27 
34 | $4618] 85274] 35343 065) 1472] 13382 26 
35 84630 35262 99368 00632 T4738 15370} 25 
| 36 | 34643] 85250 99394 oobob| 14750 15357| 24 
37 | $4656] $5237] 99419| oogs8$1 14763 25344 23 
338 | 84669] 85225] 99444 | oog56| 14775] 15331] 22 
39 84582 $5212] 99469 00531 14788 15318] 21 
40 | 9. 846949. 85200 | 9.99495 |10. 00505 10. 14800 10 15306 20 
41 | 84707] 85187] 99520 0480] 14813 15293 "9 
42 | 84720 85125] 99345 00455 14825 15280] 18 | 
43 84733] $5162] 99570} 00430] 1483 T5267] 17 
4484745] 85150 99596] ooo] 14850 15255 16 
45 | 84753] 85137] 99621 0379] 14863] 15242 15 
46684771 85125] 99646 00354 "INT 15229 14 
47 847844 85112] 99672 00328 1488 T5216] 13 
48 4796] 85100] 99697 0303] 14900|- 15204 12 
40 $4809} $5087 99722 | 00278 14913 15191 11 
50 9.548229. 85074 | 9. 99747 10. 052 53 10. 14926 10. 15178] 10 
51 | 84834] $5062] 99773] ooz27| 14938] 15766 9 
5284847 $5049] 99798 | 00202 149511 15153 
53 1 84860] 85037] 99823 007177] 14963] 15140] 7 
54. | . $4373] 35024] 99848 00 52 14976 151271 6 
55 34885] 85012] 99874 14988 18178 5 
56 | 84398] 84999 99899 15001] 15722 4 
57 849111 84986] 99924 15014 15089] 3 
15884923 $4974] 99949 15026 15077] 2 
59 | $4936] 34961] 99975 15039] 15064] 
- $0. $.948| 384948 10. 0000 10. 00000 | T5052 15051 © 
Co. fine.] Sine. ICo-tang. | Tangent. [Co- ſecant./ Secant, M. 
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2712 19 14 10 f 
31112 22114 14/16 w 34 


42/10 38 14 22 


11 fz 4804 46 
11 3e 52514 50 
11 72 5/14 541 
IT 11/12 5 
111413 3 
IT 18013 6/15 6 
11 213 10015 10 


16 17 


Cots 


This Table is ſv 


4. 


ficiently exact for bnding 


; , when any Star comes 

to the Meridian, in order to obtain the Latitude; but in all Cal- 

'þ culations for determining the Longitude by Celeſtial Obſervations, 

ie Sun's Right Aſcenſion and Declination - muſt be taken out of 

Nautical Almanac, as they are there calculated to a greater De- 
gree of Accuracy. 3 795 „ 


1 
„ 


South So uth South ö 


A Tas Lz of the Right Ange hd Dectinaticn « 
ſome of the principal fixed Stars adapted to the Year 
1779, with their H Variation. 


— 
838338 


The Firſt Ten Stars are uſed in the Nautical Alm f determi 5s Longitude de- 
duced from Doctor Bradley's Ob p Stars R — 


ſervations, All the Stats Right Aſcenſions are herd reduced : 
into Time, it being omitted in the . for 1767. 


RightAſcen, Tas. 3 Aan. 
in Time Var. Vari. 
Names of the Stars. | ai — 
1 T. E. TCO 165. Ts 
Arietis — — — — 11 5 213 337122 24 34 2 17 4+ 
Aldebaran, South Eye of the Bull — 18 513 42716 2 57 YNN $ 324 
Pollux, Southern Twin — 7 30 17 413 751123 32 36 5Nf 7 7244 
Regulus, the Lion's Heart — 9 55 17803 24/13 2 23 N 17 
Spica Virginis — — iz 1 34 8 510 © 4 68.18 974 
Antares, the Scorpion's Heart —16 15 53 6 25 55 22 9S.| 8 89+ 
Altair in Aquila, * mos I9 39 55 6] 8 17 44 6N 8 40 
pricorn 20 5 66 S. 10 40 
omalhaut, in the Mouth of Southern Fi Fiſh |22 44 32 8.18 97. 
Markab — — 22 53 46 1 14 1 Io 8 Niro 204 
— 1 * the Wing —— o 1 52 8 357 7 $Nj20 4+ 
— — 1 2 50 45 fo) 14 804] 
Capella, in Left 8h Shoulder of- Auziga Is o 21 1 3N 5 284 
Rigel, in the Foot of Onion — 5 246 16 18. 4 94— 
Taurus — — — ⏑ 28 24 8 5N} 4 24 
Orion, in the Eaſt Shoulder m_— 7 20 46 6N| 1 g6-+ 
Sirius, in Great Dog's Mouth  —— 16:35 25 5 38. 3 10+ 
„ in Head Southern Twin — 18 55 14 8N 6 80 
rocyon, in the Little Dog — 126 27 3 4N| 7 4— 
Ar&urus in Bootes — — 4 4 29 5 g9N{17 16 
agitarius — 4.7 55 98] 9 72: 
chedar in the Breaſt of of Caſſiopea 23 3 i Njiz2o + 
{Pole Star in the Tail of the Little Bear — o 47 35 Ni19 »þ 
Achernar, in the River Eridanuss—— x 28 20 $118. + 
Almaack, in the Foot of Andcomeda — x 50 24 18 _ + 
JAlgol in the He: & of Meduſa — I Nis ++ 
Pleiades or Seven Stars in the Neck of the Bull| 3 34 21 I2 
.\Canobus, in Poop of Ship Argo — 5 19 2 8.2 + 
Cor Hydræ, or Alphard — — 1 16 4 S. + : 
Dubbe, the North Pointer in the Great Bear 0 47 38 Ni? — 1 
Isouth Star of Croſiers, Foot of the Croſs 12 14 29 8.0 ＋ f 
The Weſt Foot of Centaur — 14 24 57 8.16 + — 
The Head of Andromeda — 3 57 2 N20 * 4 
Lyra, the Bright Star in the Harp — 18 29 27 Nl] a + © . 
eee — 129 1 . 18 +] - 3 1 
oronae — — — 18 2 1 Nj12z . 
IMirach, in Andromeda's Girdle 3 3 a = N19 + A 
{Bright Star in Oars of Ship Argo — 9 10 4} Sing T 4 
Northern Scale of Libra — 15 5 814 + E 
The Bright Star in Perſeus — —3— 38 19/49 3 26 N14 + ; I | 
| * 1 
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11 is obvious, tbat by the Sun's Annual Motion, he is 
- Son and Right Aſcenſion, which is ſet down in the precedin 


Day at London; and may be reduced to 
fhewn in findinghe Longitude. 


of 


perpetually changing his Dect; 
Table for the Noon of ery 
7 


any other Time or Meridian, as has been alr 


By the Proceffion of the Equinoxes, the fixed Stars are continually altering hate Ls. 


tudes, Right Aſcenſions, and Declinations 


The Right Aſcenſion of the Sun, Moon, or 


the Alteration in Longitude is about 

every Year; the Alteration in Right Alcenſion and Dectinatig of ſome pn 2 
fixed Stars are ſet down in the preceding Table for 1779: and their Ann 
which being applied to the Right Aſcenfion and Declination in the Table, 
SubrraQtion, gives the Right Aſcenſion and Declination for any 


the principal 
val Variation, | 
] by Addition or 
ſueceeding Vears. 
Stars, is the Number of Degrees of the Equi- 


noctial that comes to the Meridian with them, counted from the firſt Point of Aties. 
The Uſe of the Tables of the Right Aſcenſion of the Sun and Stars is to find the Time 


Morning 


| At what 


2 e 
* * 


N 


when any Star culminates, or is upon the Meridian on a given Day. 


L E. 


Look for the Right Aſcenſion of the Sun and Star in the preceding Table, and fubtraQ 
the Sun's Right Aſcenſion from the Star's; but if the Sun's Right Aſcenſion be greatefi 
add 24 Hours to the Star's Right Aſcenſion, 4 


mainder will be the Time of the Star's coming to the Meridian. 


When the Suns Right Aſcenſion is leaſt, the Star comes to the 
noon, but beſore Noon when the Sun's 18 greateſt. 


EXAMPLE I. 


Time will the Star ArQurus be 

on the Meridian of London, Dec. 1? 
. H. M. 
Ar@urus's Right Aſcenſion —— 14 4 
5 24 ,C 
5 38 4 
Sun's Right Aſcenſion 16 30 
After Midnihlt— — 21 34 
5 | 12 © 


BOL 9 34 

That is, the Star ArQurus will be upon 
the Meridian of London 34 Minutes after 
Nine o Clock in the Morning. ö 


and then ſubtract the Sun's from it, the Re- 
Meridian in the After 
| EXAMPLE I. 
At what Time will the Star Virgin's 
Spine be on the Meridian of London, Sep- 
tember 12 „ 

. - Ee o | H. M. 
| Spica's Virginis's Right Aſcenſion 13 13 


| Sun's Right Aſcenſion— 10 4; 


The Star culminates Aſternoon 2 4 
So the Star Virgin's Spike comes to the 


Meridian at London 31 Minutes after Two 
in the Afternoon. | . 


; 
| 
| 
ö 
| 
F 


r find what Star will come upon the Meridian at any given Time 


> 
” 


Meridian of London about Fen at Night, 
5, ce 25 M. 


R U 


„ LE 


Add the Time from Noon to the Rigbt Aſcenſion of the Sun, the Sum will be the Riglic 
Aſcenſion of the Star required to beknown; with which enter the Table of the Star's 
Right Aſeenſion, and find what Star's Right Aſcenſion agrees with, of comes the neareſt to 


It, and that is the Star required. 


EXAMPLE I - 
I would know what Star would be on the 


* 
* 


un's Right Aſcen. Jan. 25, at Noon 20 31 
And for 10 Hours more 8 


Given Time 10 Hours P. M. 


| Right Aſcenſion of Mid Heaven 


555 X . 

What Star will be upon the Meridian of 
London 20 Minutes paſt Four in the Morn- 
ing, May 10? © 


| H. M. 

Sun's Right Aſcen. May 9, at Noon, 3 5 
And for 16 Hours more —— » 3 
Given Time 16h. 30m. P. M. 16 39 


19 #$ 


Anſwers nearly to Aquila 


Nearly anſwers to Sirius 
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Firſt after LEAP-T EAR. 


A 


| Years 1773, 1777, 1781, 1785, 1789, 793, 4797. 
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due cent 


Nov. 


Dec. 
X ; 


South 


D. M. 


22 58 
22 53 


22 33 


22 46016 


South 
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orth 


South 
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16 54 
16 37 
16 19 


22 40116 1 


15 43 


— 
O WO cow Qu > wo Ho om 


8 


22 26 
22 18 
22 10 
22 O1 
21 52 
21 42 
21 33 
21 22 
21 11 


20 49 
20 37 


20 12 
19 59 
19 45 
9 Jl 
19 17 


24/19 3 


18 48 


21 8 


D. M. 
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D. M. 


D. M. 


15 24 
15 5 
14 46 
14 27 
14 7 


13 47 
13 27 
3 
12 47 
12 26 


1 5 


1 
10 40 
10 18 


9 56 


11 44 
20 24/11 23 
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18 32 
18 17 


17 45 
17 28 
17 11 


18 1 
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A TABLE of the. Sox 


Each being the Second after Lzar-YEAR, : 


* 
1 


's DzcLINaTion of the 
| | 


1 "Years 1774, 1778, 17825 1786, 1790, 1794, 1798. 


Jan. Feb. 


Mar. A pril 


May 


July 


June. 


Aug. 


ö 


Sept. 


9 


South — 


2 


** 


North 


North . 


North 


[ 


——— 


4 a 


D. M. P. M. 
22 59 
16 41 
16 23 


[5 47 


16 58 | 


116 5 


D. M. D. M. 


4 42 
S 5 
5 28 
5 $1 
6 14 


* 


D. M. 


15 12 
15 30 
5 47 
16 5 
16 22 


. M. D. M. 
22 7 
22 15 
22 23 
22 30 
22 36 


*3 7 
23 3 
22 58 
2 83 


22 47 


21 54t 


715 2 


4 51 
14 32 


15 10 


14 12 


5 37 


16 39 


6 59 16 56 
7 W 12 
7 4417 28 
$ 6{17 44 


22 43 
22 48 


22 54 
22 59 
23 


22 41 


22 21 
22 14 


22 35 
22 28016 


13 52 
13 32 
13 12 
12 52 
12 31 


8 28 17 59 


8 50/18 14 
9 12,18 29 


23 8 
23 12 
23 15 
23 18 


| 


I 33 


58 


11 49 
28111 28 
11 
20 210 45 


12 10 


7 


10 


47 


23 
1 


3470 1619 12 
10 37, 


10 88 
116191 
11 39 


| 
9 55, 


18 44 
18 53 


— —— 


19 25 
19 39 
19 32 
20 4 


23 


23 21 
23 23 
23 25 
23-26 
23 27 


28 


21 58 
21 49 
21 40 
21 31 
21 21 
21 11 
21 


20 38 


22 615 12 


20 49 12 41 


14 54 
14 36 
14 17 
13 40 
13 20 
141 * 


12 22 


13 53] 
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10 23 


9 49 
9.17 
$ 55 


24 


12 © 
12 20 
I2 40 
14 0 
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20 16 
20 23 
20 40 
20 51 


13 19 


21 2 


23 
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#3 
23 
23 
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27 
26 


25 


20 27 
20 15 
20 3 
19 50 
I9 37 


IS--4 
11 41 
11 21 
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3 59 


21 12 
21 
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21 32 
21 


13 
13 58 
14 17 
K 35 
50 
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23 18 
23 15 
23 21 
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14 54,21 
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19 10 
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A TABLE of the Sox's DecLinaTion for the 
Years 1775, 1779, 1783, 1787, 1791, 1795, 1799. 
_ Third after LRAT- YEAR. T 
2 1 ö | x , : 1 "+: | ” 206 go | 7 _— 
Jan. | Feb. | Mar. April] May | June | July | Aug.] Sept.] O &. | Nov. | Dec. 
; S South South {South North] North North North North en South jon 
Jo. M. p. NI. P. M. p. M. P. MJD. Mu. D. AI. p. M . M D. M.|D.M | 
f 123 ot? 2| 7 30 4 36|r5, 8/22 5j23 3118 -2| 8 16| 3 14/14 3021 52 < 
222 $5116 45 7 5 95 26122 13/23 4117 46] 7 54] 3 38174 50122 1 
3122 49 16 28 6 44| 5 2315 43/22 21023 597 31] 7 32] 4 If. 8722 I 
422 43\16 10| 6 21] 5 46016 1122 28022 54117 15] 7 10| 4 24\15 39|22 18 | 
| 5/22 36/15 81 5 58] 6 8116 18/22 35|22 49}16 59] 6 47 4 48013 45122 26 \ 
60.22 29/15 33 $ 35] 6 36 35/22 41 22 43116 42] 6 25] 5 11 167% 24 33 E 
7/22 22 15 14| 5 12 6 54076 52022 47422 37116 26] 6 2 5 3401 27 22 4C 1 
822 145 55 4 48] 7 1607 8122 53122 306 9 5 40 2 25 16 39 22 46 E 
| 922 $5114 364 25} 7 39117 24/22 $8122 23015 510 5 17] 6 20116 56/22 $2 4 
; . 101 56/14 12 4 1} 8 1117 4ojzz 3122 16|15 34] 4 54} 6 42117 130/22 58 f 
13122 483 57/-3 38} 8 23 55]23 7j22 Bx5 16] 4 327 5117-30123 3 4 
12/21 37123 375 3 14 8 43/18 11123 1121 ofi4 58] 4 97 28117. 46023 7 i 
1321 27113 x7] 2 5109 7118 26123 15021 51114 40 3 460 7 $0118 2(23 1 1 
14421 27132 57 2 275 9 28118 4023 18021 420/14 22] 3 230 8 13/18 18023 2 I 
T5) 2 12.35 2 3} 9 39 18 54123 20121 33114 343 0 $ 35 18 3423 1 is, 
16120 54% 1 40110 1ſ½9 803 23/21 23113 44 2 36| 8 57118 4923 21 
17020 431 $4| 1 16/ro 32119 22023 25121 23113 25] 2 13] 9 199 423 24 
18/20--31rx- 33/0 52/10 53/19 35/23 26021 3013 '6| 1 50 9 41/19 18/23 25 
19/20 181 12} © 29|t1 14/19 480/23 27/20 52112 46] x 27/0 319 3202327 
20%½ ze 5 © 5117 34120 1123 28120 41j12 260 1 3010 25119 46123 28 
2119 5410-29|N. 191 55/20 13023 28020 29}12 7 4 
2219 3510” 7 © 42/22 15120 24/23 28020 18 
x 19 24 9 45| 1 612 35 20 37/23 27 * 
24/19, 40 £2 1 30112 55/20 wes 27 3 
251185519 21 2 53113 15/20 59]23 25/19: 2 
[26/18 4% 8/38] 2 17/3 34/21. 103 230 . 
27,18 240 8 160 2 40/13 53/21 20023 21 P 
0 8 28 9] 7 53] 3 4114 12/22 goſ23"18 
2917 53], 3 27114 31,21 39123 15118 4 
30 17.36} - 3 50114 49/1 48[:3 12118 3 
30 77.29 4 144 121 57 | 
"9B 8 1 
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A TABLE of the Sun's DECLINATION for 
Years 1776, 1780, 1784, 1788, 1792, 1796, 1800 


Each being LEAT- YEAR. 
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—— 


| jr as 85 April | May AS labs lee oa. wc 
| | — — — In 
< E thsouth North North North North North Northſ South [South 
D. . p. M. Mp. . P. M p. M.b. MD. M. p. x. p. u. p. M. 
I xj23: 2[i7 7 7 4] 4 53]15 21022 1423 517 51 8 9 3 31174 44 
2122 57116 50 6 52] 5 16115 38122 19/23 1117 35/7 38] 3 55115 3 
1 222 5x116 122] 6 28| 5 39715 56022 260622 56/17 19] 7 26| 4 18]15 22 
4j22 1/1446 6 $5s| 6 2116 130/22 33022 50/17 3| 6 54 2 15 40 
5 42| 6 25/16 30j22 39/22 45/16 47] 6 31] 5 415 59 
| 5 18} 6 47116 47/22 45}22 38116 30| 6. 9 5 27116 17 
4 55| 7 10117 3122 51/2 32116 14] 5 46| 5 50016 34 
4 31] 7 32117 20022 56|22 25175 560 5 24| 6 13116 52 
4 87 55117 36023 1122 18'15 390 5 / 6 360179 
e 344.8 127 51123 6[22 1015 21] 4 33] 6-59þ17 2: 
3 ler T 50 14 2 3 21] 8 39118 6023 10022 2j15 34 15 7 21/77 45 
iar 40/3 43] 2 57] 9 ©118 21123 14/21 54114 45] 3 52/7 44/7½ 5} 
| | 118421 30/13 23] 2 34 * 3623 17/21 4574 27] 3 29] 8 6118 1: 
Iz T 20113. 2 % 21 2 44/18 51 23 20j21 3 35114 81 3 6| 8 29118 24 
„ Iz 922 42] 1 46110 5119 23 22127 26113 49} 2 43] 8 51118 4 
160 58112 21] 1 23/10 26119 18 23 24121 16013 30| 2 20| 9 13019 
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: every, 10 Degrees of Longitude, - * 
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To find the Sun's DectinaTion by the foregoing TABLES. - | 


ach page of the fore oing Tables contains the Sun's Declination for the Vears thatit 

is marked with at th& Top, and is divided into thirteen Columns; the firſt of which to 

the Left Hand ſhews the Day of the Month, and the other Twelve the Months of the Year, - 
ſo that if it be required to find the Sun's Declination for any Day; ſuppoſe for Example, on 

the 21ſt of Auguſt, 1779 : Firſt, 1 look for that Table that has 1779 at the Top of it, and 

then right againſt the 21ſt Day of the Month, and under Auguſt, I find 12,7, which ſhews - 


the Sun's Declination to be 12 Degrees 7 Minutes North ; according to the Title at the Top, | 
of the Column. J 


The Sun's Declination in theſe Tables being calculated for the Meridian of London, if you : 


ſhould be conſiderably to the Eaſtward or to the Weſtward of Landen; it will cauſe ſome 
Alteration in it; to correct which, the 


Table of the Variation of the Sun s Declination is to be uſed as follows: 

Firſt, Look out the Declination for the given Day of the Month, and for the Day follow- 
ing it, and ſubtia& the Leſſer from the Greater, the Remainder is the Daily Variation. 

Second, Obſerve whether the Declination be increaſing or decreaſing, which you may 
know thus: If the Declination for the Day following the given uy be greateſt, then it is 
increaſing z but if it be leaſt, it is decreaſing, 

Third, Look for the Daily Variation in the firſt Column of the Table, and ſee what Num- 
ber ſtands right againſt it, and under the givef Degrees of Longitude ; which N umber is ta 
be uſed as follows + 

If the Difference of Longitude be Eafterly, and the Declination increaſing, it nuft de ſub⸗ 
tracted from the Declination found in the Tables for the given Days but fr the Declination 
be decreaſing, it muſt be added. 

If the Difference of Longitude be Weſterly, and the Declination increaſing, it muſt be 
added; but if the Declination be decreaſing, it muſt be ſubtracted; the Sum in ene Caſe, and 


the — in the other, will be the Sun's Declination at Noon in the Longitude re- 
«yu 


F . . K 
; 4 Y 
+. 2 . » 


: 
* 4 


3 * 
- 


35 1 5 | i 2 f 8 5 Pg - n 925 WE] "Hs 
© - © Suppoſe on September 106, 1779, 2 Ship in Longitude 64 Degrees Weſt of London; what 
is tbe Sun's true Dectinitien when on the Ship's Meridian „ . 5 EF | 


i p 


N ME And becauſe the Declin. is decreaſing, the 


Decl. at London Sept. 10, 1779, 4 54N. Difference muſt be ſubtracted; there- : 
Dii to at London Sept. 11, 4 32 N. fore oppoſite to 22, and under 60 De- 


Daily Variation of Declination 22 Miles \ 


. 


grees of Longitude ſtands 4 Minutes, 
which ſubtracted from 45 5, gives 4 
507% the Declin. at the Ship.  _ 3 


© Again, ſuppoſe in Lbngitude $0 Degrees Eaft, on March 2oth, 1787, what is the-Sun's 
Declination ? Here the Daily Difference is 24. „ J : : 5 


: 


* 


* . M. 
Sun's Decl. March 20, 0 3 N 
Variation for 100 Degrees 8 


8 5 

Since the Declination is increaſing, and the Longi- 
tyde Eaſt, it muft be ſubtracted, and the Re. 
mainder being nothing, ſhews that the Sun is 
upon the Equinoctial at the Ship's Meridian. 


Declination at Noon at Ship 0-0 


. 


In like Manner may the Deeli nation be fitted to any Miridian; but it ſometimes happens 
"that the Declination is wanted when the Sun is not upon the Meridian: In ſuch Caſes it is 
beft to find the Declination for the preceding and following Noons, and take the Difference, 
and then ſay, as 24 Hours is to that Difference, ſo is the Hours from Noon to a Fourth 
Number, which being added or ſubtracted, according as the Declination is increaſing or de- 
- crealing, and the Time being in the Fore or Aftern.on, gives the Sun's Declination for the 
gives Time, e 


1 az” . a 
. 


fe it were required to find the Sun's Declination on April 14, 1791, at 8 Hours 55 
s in the Morning. 2 ET i . 


Firſt I look in the Tables for the Sun's Declination, April 15, 1791, and find it to be 
9 40“; and when J look for it April 14, and find it to be 99 28“; the Daily Difference is 
22 Minutes: Then I ſay, as 24 Hours is to 22 Minutes, ſo is 20 H. 55 M. the Time elapſed 
lince laſt Noon, to 19 Minutes, which added to 9? 287, becauſe the Declinstion is increaſing, - 
gives 9? 47 for the n 50 at the given Time; but had the Declination been decreaſing, | | 
the 19 Minutes muſt have been ſubtracted, e 


Ia lilce Manner the Declination ie found for any Hour of the Day, and under any Meridian, I > 


For you haye nothirg. more to do, than to reduce the Difference of Longitude into Time, and : 1 
add to, or ſubtract it from the given Time, according as the Longitude is Eaſt or Weſt, : 
and then find the Declination as above * 55 | — 
The Declinations have been carefully compared with the Nautical Almanac; and comput- E 

- ed to the neareſt Minute, which is of ſufficient Exactneſs for determining the Latitude by A 


Obſervation ; but, in finding the Time, in order to determine the Longitude, the Declina- 
tion muſt be taken out of the Nautical Almanac, jt being there calculated to Minujce 
and Seconds, | 2 | 8 x 
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To find the Ti 


me of the Sun's Riſing, Setting, and Length of the 
Day and Night, by theſe Tables. 
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Firſt. Find the Sun's Declination at the Top of the Page, marked with the Degrees of 
Declination, and the Latitude in the Right, or Left Hand Columns (marked Lat.) and 
in the common Angle of Meeting is the Time of Sun-ſetting, if the Sun has Nerth 
Declination, but the Time of Sun-rifing if the Syn has South Declination, 


X 


| E A M P 
Let it be required to find the Time of the Sun's Rifing and Se 


LEE; | - 
tting, with the Length 


of the Day and Night, in Latitude 51 North, the 18th of July, 1784 ? 

I firſt ſeek the Sun's Declination for the given Day, and find it 20% 55” North, which 
1 here call 219, then under the Declination 21, and againſt the Latitude 518, Rands 
7 Hours, 53 Minutes, the Time the Sun ſets on the given Day, in Lat, 51 North, 
which being doubled, gives 15 Hours, 46 Minutes, the Length of the Day; and, if 7 
Hours, 53 Minutes, the Time of Sun-ſetting be Subtracted from 12 Hours, the Re- 


mainder 4 Hours, 7 Minutes, gives the Time of the Sun's Ri 
gives $ Hours, 14 Minutes, the Length of the Night. 


ſing, which being doubled, 


But, when the Suu has 21“ South Declination in this Latitude, the Time of Sun- 
Setting becomes the Time of Sun-Riſintz, and the Length of the Day will then become 


the Lengch of the Night. 


Thus, the 25th of November, 1784, the Sun's Declination is 209. 57' South, or 21% 
then the Time of Sun Riſing is 7 Hours, 53 Minutes, his Setting 4 Hours, 7 Minutes and 


the Length of the Night 15 Hours, 46 inutes, and Day 8 Hours, 14 


PB NAMNELE Noe 
Let it be required to find the Time of 
the Sun's Riſing, Setting, and Length of 
the Day and Night at Peterſburg, the 21ft 
| of June, 1788. 
Under 238 28 N the Declination that Day, 
and againſt 609 North, the Latitude of Peterſ- 


burg, | 12 oO 
Stands the Sun's Settinz 9 19 
The Time of Sun Riſing 2 41 


Sun Setting doubled is the Len. of Day18 38 
Sun Riſing doubled is the Len. of Night 5 22 


When a greater Degree of Accuracy is required 


Degrees and Minutes of Lat. and Declination 


| 


| 


* 


Minutes. 


| EXAMPLE III. oy 
Required the Time of the Sun's Rifing 
and Setting, and Length of the Day at the 
Cape of Good Hope, in Lat, 34+ 22 S8. the 
15th of May, 1784. 
Under the Declination 1994 or 199, N. and 


againſt the Lat. 34 8. | 42 -&: 

| Stands the Sun's Riſing 4 6 31 
Time of Sun's Setting „ 
; | oy 


The Length of the Da 


10 14 
And 6 H. 53 M. doub. is Len. of Night 13 46 
Proportional Parts may be takea for 


; To find the Riſing and Setting of the Stars. | 

By theſe Tables the Rifing and Setting of any Star may be found, whoſe Declinatioa 
does not exceed 23% 30' North or South, in the following Manner. | 

If you are in North Latitude, and the Star has North Declination, look for the Do- 
clination at the Top, and the Latitude in the Right or Left Hand Columns, in the Angle 
of Meeting, is Half the Time of the Star's continuance above the Horizon, in chat Latie 
tude ; or the Time it takes in Aſcending from the Eaſtern Side of the Horizon to the 
Meridian, and Deſcending from the Meridian to the Weſtern Part of the Horizon, 7 

Therefore, if theſe Hours and Minutes be ſubtrated from the Time of the Star's 
coming to the TMeridian, the Remainder will be the Time of the Star's Rifing, and if 
added, the Sum will be the Time of the Star's Setting, 


VVV 
Required when the Star Arcturus Riſes and Sets December 1, in Lat. 
The Time of the Star's coming to the Meridian, 


Then under Star's Declination 209 4“ or 268 N. and againſt Lat. 51. ſtands 


Time of Star's Riſing in the Morning 


Star Sets 21 Minutes after 5 in the Evening 


I, | 
51 N. 
or Soutbing in the Morning 9 
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Added, Mews the Time the Star ſets in the Mornin 


? 7 OI TS 3 
5 3 5 7 
- "> * 


Rs South and the Star has North Declination ; find the Latitude in the fide Columns as 
- before, agzinft which, and under the Degrees of Declination, ftands \ rs the Time the 


wid the Latitude 3s North, end the Star hes South Declitation} or the Edfitade 


is under the Horizon, which being ſubtracted from 12, the 


Star i ö Tub : emainder will be 
Kaff the Time the Star will be above the Horizon in that Latitude. 555 
Example. What Time will the Dog Star, Sirius, Riſe and Set at London, Jan. 25. 

Under the Declination 1625 S. and againſt Lat. 519 32“ lands 7 26 

Half the Time the Star 3s above the Horizon : 4 34 
The Star comes to the Meridian in the Evening, at 10 O0 
HER 


Which Subtrafted ſhews that the Star Riſes at 26 M. after's, in the Evening 5 26 


x." # 


| G 
In like Manner may the Riſing and Setting of the Planets be found when their Dec 


nation does not exceed 23? 4, and the Time of their Paſſage over the Meridian is known, 


Suppoſe it were required to know the Time of Jupiter's Riſing and Setting, in Latitude 
52 North, the 1ſt of March, 170. 

In the Nautical Almanac for 1780, I find that Jupiter paſſes the Meridian the 1ſt of 
March, at 14H. 46M. (that is 46 M. after 2, next Morning) and his Declination is 89 518. 

Now, 14 H. 46 M. added to 12 H. is 36 H. 46 M. from which Subtract 24 H. and the 
Remainder 2 H. 46 M. is the Time of his paſſing the Meridian in the Morning, on the 


given Day. 


Under the Decl. 89 5r* or 9“ and againſt Lat. 52“ ſtands 6 H. 47 M. half the Time that 
po is below the Borizon, from which Subtract 12, and the Remainder 5 H. 13 M. is 
the Time Jupiter is above the Horizon in that Latitude. 3 | 
Now 5 H. 13 M. added to Jupiter's Southing, gives 7 H. 59 M. the Time of his Setting 
in the Morning. | | 5 | | 
And 2 H. 46 M. added to 12 H. is 14 H. g6 M. from which take 5 H. 13 M. and the 


Remainder 9 H. 33 M. is the Time of his Riſing in the Evening, on the given Day. 


Suppoſe it were required to find the Moon's Riſing and Setting the 5th of November, 
1780, in Lat. 51” North, a : 
In the Nautical Almanac, Nov. 3, her Declination is x49 10' 8, and paſſes over the 


4 LE - *feridiari, at 7 H. 42 M. in the Afternoon, Then in the Tables under Decl. 14 and 


inſt Lat. 51% ſtands 7 H. 12 M. half the Time ſhe is under the Horizon, which 


- "Gabtrated from 12 H. leaves 4 H. 48 M. half the Time ſhe is above it. 2 
„ Then 7 H. 42 M. added to 4 H. 48 M. is 12 H. 30 M. that is, the Moon ſets 30 M. 

after Twelve at Night, and from 7 H. 42 M. take 4 H. 48 M. the Remainder 2 H. 54 
N. is the Time of the Moon's Riſing in the Afternnoon. . 


In like Manner may be found the Riſing and Setting of the other Planets, only obſerr- 
ing, that the Day in the Nautical Almanac, begins at the Noon of the Common Day, or 
12 Hours later than the Common Day. 


N. B. As all the Calculations here are made for the Meridian of London, care muſt 
en to reduce the Time to the Meridian of the Place of Obſervation, by allowing 1 


8 N II. later for every 1 5 of Longitude, when the Longitude is Weſt, and x H. earlier for 


i 
* 


ey 5 Eaſt, and proportionably for other Times; for it muſt be obſerved, that the End 
1 the Sea Day, the Noon of the Common Day, and beginning of the Day in the Nau- 


vicat Almanac, are all the ſame Time. 
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